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ABSTRACT 


Cardiac  arrhythmias  may  be  considered  simply  as  disturbances  in 
heart  rhythm.  Although  a  large  number  of  chemically  and  pharmacologically 
unrelated  drugs  have  actions  useful  to  some  extent  in  the  treatment  of 
disorders  of  cardiac  rhythm,  the  current  drug  therapy  of  arrhythmias  is 
restricted  essentially  to  quinidine  and  procaine  amide  because  of  their 
sufficient  specificity  of  action  on  the  heart. 

The  purpose  of  this  work  was  to  provide  additional  information  on 
the  relationship  between  the  structure  and  the  ant iar rhythmic  activity 
of  procaine  amide  by  synthesizing  structural  analogues  of  this  drug. 

These  analogues  differ  from  the  parent  compound  by  (i)  the  replacement 
of  the  aromatic  amino  group  by  a  chlorine  atom,  (ii)  the  presence  of  a 
piperazine  ring  or  (iii)  the  conversion  of  the  terminal  tertiary  amine 
to  an  amide.  With  the  exception  of  replacing  the  aromatic  amino  group 
by  a  chlorine  atom,  these  modifications  abolished  the  antiarrhythmic 
activity  of  procaine  amide. 

Studies  of  the  structure  and  activity  relationship  were  also  carried 
out  on  the  two  active  compounds  synthesized  in  this  work.  These  two 
compounds  are  £-chloro-N-(2-diethylaminoethyl)benzamide  hydrochloride  and 
l-n-propyl-4-]D-chlorobenzoylpiperazine  hydrochloride , 

As  a  preliminary  screening  for  antiarrhythmic  activity  all  the 
compounds  synthesized  were  tested  for  their  action  on  the  effective 
refractory  period  of  isolated  guinea  pig  atria  by  measuring  the  shifts 
in  the  maximum  rate  of  stimulation  that  the  suspended  atria  could  follow 
with  a  1:1  stimulus -response  ratio.  Compounds  that  showed  high  activity 
on  the  depression  of  maximum  stimulation  rate  were  tested  for  antiarrhythmic 
activity  in  intact  animals.  The  arrhythmias  were  induced  by  petroleum 
ether  and  adrenaline,  as  well  as  by  local  application  of  aconitine. 
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An  attempt  was  made  to  map  a  receptor  for  ant iar rhythmic  agents. 

Results  of  this  work  suggested  that  the  receptor  consisted  of  an  anionic 

site  and  a  flat  area.  Study  of  Fisher -Hirschfelder -Taylor  models  of 

antiarrhythmic  agents  indicated  that  the  distance  between  the  anionic 

o 

site  and  the  centre  of  the  flat  area  was  approximately  4. 5 -5.0  A  and 

o 

that  the  anionic  site  was  3. 0-3. 5  A  above  the  plane  of  the  flat  area. 
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INTRODUCTION 
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1 .  Cardiac  Arrhythmias 

The  nature  and  location  of  the  heart's  pacemaker  remained  unsettled 
until  comparatively  recent  times.  At  present  it  is  believed  that  the 
impulse  which  causes  the  heart  to  contract  originates  from  a  knot  of 
tissue  called  the  sino-atrial  or  S-A  node,  located  where  the  superior 
vena  cava  joins  the  right  atrium  at  its  apex.  The  impulse  travels 
through  both  atria  to  the  atrioventricular  or  A-V  node,  situated  at  the 
juncture  of  the  posterior  and  right  border  of  the  atrial  septum  near  the 
mouth  of  the  coronary  sinus.  From  the  A-V  node,  the  impulse  passes  into 
the  ventricles  by  way  of  the  bundle  of  His,  the  right  and  left  bundle 
branches  and  the  Purkinje  fibres. 

Although  cardiac  impulses  usually  originate  at  the  S-A  node,  they 
may  also  originate  elsewhere:  from  the  atria,  the  A-V  node  or  the 
ventricles,  giving  rise  to  a  variety  of  ectopic  rhythms.  The  clinical 
manifestations  of  such  disturbances  of  cardiac  rhythm  are  usually 
referred  to  as  arrhythmias.  Depending  on  the  portion  of  the  heart  in 
which  they  arise,  the  arrhythmias  may  be  divided  into  four  groups  (1). 

A.  Disturbances  of  rhythm  involving  the  S-A  node 

(i)  sinus  arrhythmia 

(ii)  sinus  bradycardia 

(iii)  sinus  tachycardia 

(iv)  sinoatrial  heart  block 

(v)  wandering  pacemaker 
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B.  Disturbances  involving  the  atria 

(i)  atrial  premature  beats 

(ii)  atrial  paroxysmal  tachycardia 

(iii)  atrial  flutter 

(iv)  atrial  fibrillation 

(v)  intra-atrial  block 

C.  Disturbances  involving  the  A-V  node 

(i)  atrioventricular  heart  block 

(ii)  atrioventricular  nodal  rhythm 

(iii)  atrioventricular  nodal  premature  beats 

(iv)  nodal  paroxysmal  tachycardia 

D.  Disturbances  involving  the  ventricles 

(i)  idoventr icular  rhythm 

(ii)  ventricular  premature  beats 

(iii)  ventricular  paroxysmal  tachycardia 

(iv)  ventricular  flutter  and  ventricular  fibrillation 

Of  all  the  cardiac  arrhythmias,  the  most  serious  one  is  ventricular 
fibrillation.  It  is  characterized  by  irregular,  uncoordinate, 
ineffective  and  rapid  twitching  movement  of  the  ventricles.  Since  the 
heart  in  this  condition  is  completely  unable  to  discharge  blood  to  the 
vital  organs,  ventricular  fibrillation  is  almost  always  fatal  in  man. 
Electrical  defibrillation  through  the  intact  chest  may  be  effective, 
but  unless  this  is  followed  by  restoration  of  the  pumping  action  of  the 
heart,  massage  must  be  carried  out.  The  use  of  antiarrhythmic  agents 
could  only  be  of  value  in  preventing  and/or  controlling,  but  not  in 
terminating  ventricular  fibrillation. 
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At  present  there  are  two  theories  of  the  mechanism  of  atrial 
fibrillation,  namely,  the  ectopic-focus  theory  and  the  circus -movement 
theory.  According  to  the  former,  fibrillation  is  due  to  rapid  stimulus 
formation  or  impulse  firing  in  one  or  more  foci.  There  are  many  variants 
of  this  theory,  concerned  mainly  with  the  number  and  location  of  the 
ectopic  foci. 

The  c ircus -movement ,  or  reentry,  theory  was  put  forward  in  1920  by 
Lewis  who  ascribed  fibrillation  to  a  single  wave  of  excitation  circulating 
up  and  down  the  sinus  node  and  around  orifices  of  the  venae  cavae  at  a 
sufficiently  slow  rate  to  find  the  tissue  in  front  of  it  always  excitable 
(2).  This  theory  has  attracted  the  widest  attention  and  remained 
unchallenged  for  some  time  until  the  introduction  of  the  ectopic-focus 
theory. 

The  main  objections  to  the  circus -movement  as  the  cause  of  fibrillation 
came  from  Scherf  (3)  and  Prinzmetal  (4).  In  1948  Scherf  and  co-workers  (5) 
succeeded  in  producing  atrial  fibrillation  by  injecting  the  alkaloid 
aconitine  into  the  sinus  node.  They  also  demonstrated  that  cooling  the 
site  where  the  aconitine  was  injected  could  stop  the  fibrillation,  which 
reappeared  upon  warming.  These  workers  considered  that  their  results 
could  not  be  explained  by  the  circus -movement  theory  of  Lewis,  because, 
they  claimed,  a  circus  wave  which  stopped  its  perpetual  motion  for  even 
a  fraction  of  a  second  must  come  to  an  end.  Rather,  they  proposed  that 
fibrillation  was  initiated  by  rapid  impulse  formation  from  an  active 
firing  center,  which  could  be  the  sinus  node  or  any  other  location  of 
the  heart. 

With  the  aid  of  the  high-speed  cinematograph,  Prinzmetal  and  his 
colleagues  (6)-  studied  atrial  fibrillation.  They  initiated  fibrillation 
by  electrical  stimulation  or  by  the  application  of  aconitine  at  a  single 
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focus  in  the  atria.  Their  general  conclusion  was  similar  to  that  of 
Scherf  in  that  atrial  fibrillation  originated  from,  and  was  perpetuated 
by  a  single  rapidly  discharging  ectopic  focus.  Examination  of  the  motion 
pictures  of  the  heart  movement  did  not  give  any  evidence  of  a  circulating 
wave  around  the  great  veins. 

2 .  Therapeutic  Agents  and  Possible  Modes  of  Action 

The  first  therapeutic  agent  employed  in  the  treatment  of  atrial 
fibrillation  was  quinidine  (I),  whose  ant iar rhythmic  property  was  first 
noticed  by  the  French  physician  Jean-Baptiste  de  Senac  of  Paris  in  1749. 


However,  it  was  not  until  1936  that  the  first  step  toward  the  development 
of  a  synthetic  ant iar rhythmic  agent  was  taken.  Mautz  (7)  showed  that 
procaine  (II),  when  applied  directly  to  the  myocardium  of  animals,  elevated 
the  threshold  of  ventricular  muscle  to  electric  stimulation. 
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In  1946,  Burstein  (8)  reported  that  procaine  was  an  effective 
ant iar rhythmic  agent  when  injected  intravenously.  However,  due  to  its 
central  stimulatory  effects  and  its  short  duration  of  action,  procaine 
has  limited  use  in  the  general  treatment  of  arrhythmias. 

A  study  on  the  fate  of  procaine  in  man  showed  that  the  drug  was 
very  rapidly  hydrolyzed  by  enzymatic  action  in  the  plasma  to  ^amino- 
benzoic  acid  and  diethylaminoethanol  (9).  ja-Aminobenzoic  acid  was 
found  to  have  no  ant iar rhythmic  activity,  but  diethylaminoethanol  in 
large  dosage  was  effective  in  patients  with  ventricular  tachycardia 
(10).  A  number  of  derivatives  of  diethylaminoethanol  were  then 
synthesized  in  the  hope  of  finding  a  more  potent  compound  (11).  The 
result  of  the  study  was  the  discovery  of  procaine  amide  (III)  (12),  an 
organic  compound  in  which  the  ester  linkage  of  procaine  was  replaced 


cm) 


by  an  amide  linkage. 

In  addition  to  quinidine  and  procaine  amide,  many  different  types 
of  therapeutic  agents  have  been  found  to  possess  various  degrees  of 
ant iar rhythmic  activity. 

(i)  Antimalarial  agent.  Chloroquine  (IV)  has  recently  received 


NH-CH-CH2CH2CH2-N-(CH2CH3)2 
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considerable  attention  (13,14).  Experiments  in  animals  have  shown  that 
chloroquine  exerts  a  more  effective  ant iar rhythmic  action  on  the  heart 
than  quinidine  (15). 

(ii)  Antispasmodic  agent.  Amotriphene  (V)  was  reported  to  have  half 
the  antiarrhythmic  potency  of  quinidine  (16). 


(V) 


(iii)  Antihistaminic  agent.  A  few  antihistaminic  agents  were  found 
to  possess  some  pharmacological  properties  similar  to  that  of  procaine 
amide  (17,18,19).  Antazoline  (VI),  for  example,  has  been  recently 


introduced  for  clinical  use  in  the  treatment  of  atrial  fibrillation 
(20,21,22).  Some  experimental  and  clinical  reports  concerning  the  use 
of  another  antihistamine,  hydroxyzine  (VII),  in  arrhythmias  have 
appeared  in  the  literature  (23,24). 
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(iv)  Local  anesthetic  agent.  Most  of  the  local  anesthetic  agents 
have  some  degree  of  antiarrhythmic  activity.  Indeed,  ant iar rhythmic 
activity  parallels  local  anesthetic  activity  rather  closely  (25). 
Xylocaine  (VIII),  has  been  found  to  be  useful  in  preventing  and  arresting 


CH 


3 


(VIII) 


arrhythmias  in  cardiac  surgery  (26,27,28,29). 

(v)  Anticonvulsant  agent.  Harris  and  Kokernot  (30)  reasoned  that 
the  excitatory  processes  initiating  the  discharge  of  impulses  in  heart 
muscle  may  be  similar  in  some  fundamental  property  to  the  excitatory 
factors  which  produce  epilepsy.  The  outcome  of  this  reasoning  was  the 
discovery  that  diphenylhydantoin  (IX)  was  effective  in  abolishing 


(IX) 


. 


'  L)‘.’  .1  ■  • ' ' 


9 


the  ventricular  tachycardia  resulting  from  ouabain  overdosage  in  dogs 
(31,32).  Several  reports  have  confirmed  its  clinical  usefulness 
(33,34,35). 

(vi)  3-Adrenergic  blocking  agent.  Some  ^-adrenergic  blocking 
agents  have  been  shown  to  prevent  or  reverse  certain  experimental 
arrhythmias.  Pronethalol  (X),  dichloroisoproterenol  (XI)  and 
N-isopropyl-j^-nitrophenylethanolamine  (XII)  (36,37)  are  a  few  examples. 


ch-ch2-nh-ch(ch3)2 

OH 


(XI) 


ch-ch2-nh-ch(ch3)2 

OH 


(XII) 


On  the  basis  of  radioautographic  studies,  it  was  found  that  a 
considerable  amount  of  quinidine  and  procaine  amide  was  localized 
in  the  region  of  the  cell  membrane  and  in  the  mitochondria,  possibly 
in  the  mitochondrial  membrane  (38,39,40).  If  these  are  the  sites 
of  action,  then  it  is  reasonable  to  postulate  that  quinidine  and 
procaine  amide  may  have  an  effect  on  membrane  permeability  to  passive 
movement  of  cations.  The  effects  of  quinidine  on  ion  movement  have 
been  found  to  be  the  following: 
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(i)  A  slowing  of  the  passive  entry  of  sodium  into  the  cell  during 
depolarization  (41).  This  produces  a  slowing  in  rate  of  rise  of,  and 
decrease  in,  the  depolarization  spike.  The  rate  of  depolarization  is 
directly  related  to  speed  of  conduction,  so  that  this  same  effect  slows 
conduction. 

(ii)  A  decrease  in  the  passive  loss  of  potassium  during 
repolarization  (41).  This  change  in  efflux  rate  slows  repolarization 
and  produces  a  prolongation  of  the  relative  refractory  period. 

(iii)  An  increase  in  the  efflux  of  potassium  during  resting  phase 

the 

when  "sodium  pump"  is  tending  to  return  potassium  to  the  cell  (39). 

A 

This  is  important  in  the  effect  of  quinidine  of  blocking  the  spontaneous 
diastolic  depolarization  characteristic  of  ectopic  pacemaker  tissue. 

What  combination  of  the  above  electr ophysiological  effects  account 
for  the  antiarrhythmic  activity  is  still  not  known,  although  Watanabe 
(42)  held  that  the  decreased  depolarization  spike  and  the  associated 
subsequent  slow  conduction  velocity  were  sufficient  to  explain  the 
antiarrhythmic  activity.  The  traditional  view,  however,  seems  to  be 
that  prolongation  of  the  refractory  period  should  occur  to  an 
inordinately  greater  degree  than  the  delay  in  conduction  velocity  and/or 
decrease  in  rate  of  ectopic  discharge  (43) . 

3.  Pharmacological  Screening 

While  the  question  of  the  precise  mode  of  action  of  the  antiarr¬ 
hythmic  agents  is  still  not  completely  settled,  the  methods  of  testing 
compounds  for  possible  antiarrhythmic  activity  are  fairly  well 
established.  Since  it  is  impractical  to  perform  the  initial  tests 
directly  on  expensive  animals  such  as  cats  and  dogs,  a  three-stage 
screening  procedure  for  potential  agents  has  been  proposed  by  Ellis  (44). 
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The  first  stage  involves  a  determination  of  the  relative  activities  of 
the  compounds  on  the  effective  refractory  period  of  isolated  heart 
muscle.  This  is  based  on  the  observation  by  Drury  and  Love  (45)  that 
quinidine  actually  lengthened  the  effective  refractory  period  of  the 
tortoise  heart.  The  method  used  for  the  determination  is  a  modification 
of  that  designed  by  Dawes  (46).  This  method  does  not  directly  measure 
changes  in  the  refractory  period,  but  rather  the  shifts  in  the  maximum 
rate  of  stimulation  that  the  suspended  atria  can  follow  with  a  1:1 
stimulus -response  ratio.  The  second  stage  is  the  evaluation  of  changes 
in  conduction  velocity  determined  by  the  effect  of  the  compound  on  the 
duration  of  the  P  wave  of  the  electrocardiogram.  The  third  phase  in 
evaluating  ant iar rhythmic  agents  is  the  demonstration  that  these 
compounds  are  able  to  prevent  or  to  terminate  atrial  fibrillation. 
Compounds  that  show  promising  results  in  this  three -stage  screening 
procedure  are  then  subjected  to  clinical  trial. 

Several  methods  are  available  for  the  induction  of  experimental 
arrhythmias  in  dogs  (25,47).  For  instance,  local  application  of 
aconitine  to  the  atrial  surface  (48,49),  the  combined  action  of  acetyl¬ 
choline  and  electrical  stimulation  (50),  or  the  combined  crushing  and 
electrical  stimulation  of  the  atrial  muscle  (51)  results  in  moderately 
predictable  atrial  arrhythmias.  Ligation  of  a  branch  of  the  coronary 
artery  (52)  or  administration  of  adrenaline  to  dogs  under  chloroform 
or  cyclopropane  anesthesia  (53,54,55)  produces  ventricular  arrhythmias. 

Petroleum  ether  and  adrenaline  were  used  in  our  own  laboratory  to 
induce  arrhythmias.  It  is  believed  that  the  adrenal  medullary  hormone 
tends  to  shift  the  dominant  pacemaker  site  from  the  S-A  node  to  the 
A-V  node  through  reflex  activation  of  the  vagus  nerve  and  stimulation 
of  the  ventricular  myocardium  in  general.  With  adrenaline  alone,  the 
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atrioventricular  nodal  pacemaker  is  stimulated  to  the  same  extent  as 
the  myocardium  and  so  retains  its  dominant  position.  Therefore,  severe 
ventricular  rhythms  are  never  produced  by  adrenaline  alone;  some  other 
agent  such  as  a  hydrocarbon  is  required  in  addition  to  adrenaline. 

At  least  two  different  opinions  exist  on  the  part  played  by  petroleum 
ether  in  petroleum  ether : adrenaline -induced  arrhythmias.  Riker  and 
co-workers  (56)  believed  that  the  effect  of  petroleum  ether  was  to 
depress  the  A-V  node.  Such  depression,  they  claimed,  when  combined 
with  increased  automaticity  of  the  ventricular  myocardium,  tended  to 
shift  the  functional  pacemaker  to  some  area  of  the  ventricular  myocardium. 
This  resulted  in  ominous  ventricular  rhythms  which  might  progress  to 
fibrillation.  However,  from  the  studies  of  DiPalma  (57)  and  of  MacLeod 
and  Reynolds  (58) ,  it  was  suggested  that  petroleum  ether  antagonized 
the  action  of  endogenous  acetylcholine,  thus  increasing  the  automaticity 
of  the  lower  areas  of  the  ventricular  conducting  system.  Such  an  effect 
would  allow  adrenaline  to  act  on  the  myocardium  without  restriction  in 
initiating  ventricular  rhythms. 

4.  Structure  and  Activity  Relationship  of  Drugs 

It  is  difficult  to  select  a  precise,  single  minimal  chemical 
structure  responsible  for  the  ant iarrhythmic  effect.  Thus  on  one  end 
of  the  scale,  it  is  possible  to  have  a  simple  organic  structure  such 
as  dibenzylmethylamine  (59)  as  an  ant iarrhythmic  agent.  On  the  other 
end  are  the  cinchona  alkaloids  which  have  considerably  more  complex 
structures.  In  recent  years,  attention  has  been  directed  to  the  studies 
of  structure-activity  relationships  of  quinidine  and  procaine  amide  in 
the  hope  of  finding  better  ant iarrhythmic  drugs.  Some  progress  has  been 
made  in  this  direction,  mainly  due  to  the  work  of  Conn  and  his 
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co-workers  (60).  They  claimed  that,  in  general,  the  structural 
arrangement  that  seemed  to  account  for  antiarrhythmic  activity  in 
any  compound  was  a  separate  single-  or  multiple-ring  structure 
connected  to  a  tertiary  amine  nitrogen  through  a  substituent 
containing  an  oxygen  or  hydroxyl  group.  This  tertiary  nitrogen 
appears  to  play  an  important  role  in  the  effectiveness  of  the 
antiarrhythmic  drugs  as  emphasized  by  the  following  evidence:  (a) 
Conversion  of  the  quinuclidine  nitrogen  in  the  quinidine  molecule 
from  a  tertiary  to  a  quaternary  form  results  in  loss  of  antiarrhythmic 
activity  (43).  Other  alterations  in  the  quinuclidine  ring,  not 
affecting  the  nitrogen  site,  produce  only  minor  quantitative  changes 
in  the  antiarrhythmic  effect,  (b)  One  of  the  quinidine  metabolites 
has  an  hydroxyl  group  added  to  the  quinuclidine  ring  in  the  position 
ortho  to  the  tertiary  nitrogen  (XIII) .  This  metabolite  was  found  to 
be  inactive  (61).  The  reason  for  this  inactivity  was  attributed  to 
the  occurrence  of  internal  hydrogen  bonding  between  the  hydroxyl 
oxygen  and  the  tertiary  amine  nitrogen,  (c)  The  activity  of  procaine 


ch=ch2 


ch3o 


(XIII) 


amide  can  be  greatly  altered  by  various  substitutions  adjacent  to 
or  involving  its  tertiary  amine  group  (62).  (d)  Conversion  of  the 

procaine  amide  tertiary  amine  to  a  secondary  amine  causes  loss  of  all 
or  nearly  all  antiarrhythmic  activity  (43) .  No  explanation  regarding 
the  apparent  necessity  of  a  tertiary  nitrogen  is  available. 
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A  number  of  synthetic  substitutes  for  quinidine  have  been  tested 
by  Dawes  (46)  for  their  action  on  the  effective  refractory  period  of 
isolated  rabbit  atria.  Results  of  these  testings  indicated  that  any 
change  in  the  vinyl  group  and  in  the  quinuclidine  ring  of  quinidine 
(I)  lowered  the  activity.  However,  compound  XIV  in  which  the  quinoline 
ring  was  replaced  by  a  naphthalene  ring  and  the  quinuclidine  ring  by 
a  piperidine  ring  had  an  activity  of  about  3  times  that  of  quinidine. 


CH 


(XIV) 


The  procaine  amide  molecule  has  not  been  examined  as  thoroughly 
as  that  of  quinidine,  although  a  few  workers  have  studied  the  alteration 
of  the  ant iar rhythmic  activity  caused  by  various  substituents  on  the 
benzene  ring.  Clinton  et_  al_.  (63)  reported  that  several  of  the  higher 
members  of  the  N-(2-diethylaminoethyl) -4-amino-2-alkoxybenzamides ,  in 
particular  compound  XV,  showed  outstanding  properties  as  ant iar rhythmic 
agents.  Reisner  and  Cordasco  (64)  synthesized  2-chloroprocaine  amide 
(XVI)  and  found  that  this  compound  was  approximately  4  times  as 


o-(ch2)5-ch3 


(XV) 
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0 


C -NH-CH2CH2 -N-(CH2CH3) 2 


Cl 


(XVI) 


potent  as  procaine  amide  in  blocking  atrial  fibrillation  in  dogs. 
Libonati  and  Segre  (65)  studied  the  ant iarrhythmic  activity  of 
N-(2-diethylaminoethyl) -p-4-hydroxybutylbenzamide  (XVII) ,  N- (2 -diethyl - 
aminoethyl) -p-isopropylbenzamide  (XVIII) ,  N-(3-diethylaminopropyl) -p-4- 
hydroxybutylbenzamide  (XIX)  and  N- (3-die thy lamin opr opyl ) -p-isopropyl- 
benz amide  (XX)  and  reported  that  these  compounds  showed  an  activity  of 
75.4,  10.3,  19.5  and  25.2  times,  respectively,  that  of  procaine  amide. 
Similar  compounds,  such  as  N-(2-diethylaminoethyl)benzamide  (XXI)  and 
p-methoxy-N-(2-diethylaminoethyl)benzamide  (XXII),  have  also  been 
evaluated  for  ant iarrhythmic  activity.  It  was  found  that  compound  XXI 


(XVII)  R  =  -CH2CH2CH2CH2OH,  n=2 
(XVIII)  R  =  -CH(CH3)2,  n=2 

(XIX)  R  =  -CH2CH2CH2CH2OH,  n-3 

(XX)  R  =  -CH(CH3)2,  n=3 

(XXI)  R  -  -H,  n=2 

(XXII)  R  =  -0CH3,  n-2 

had  a  lower  toxicity  but  the  same  potency  as  procaine  amide,  and  that 


compound  XXII  had  a  higher  potency  and  toxicity  than  procaine  amide  (66). 
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Silberg  et_  al.  (67)  in  1959,  studied  the  ant iar rhythmic  action  of 
a  series  of  sulfonamides  which  had  the  main  structure  of  procaine  amide. 
They  found  that  compound  XXIII  was  less  active,  whereas,  compounds  XXIV 
and  XXV  were  more  active  than  procaine  amide  at  the  same  dose. 


R 


0 


s-nh-ch2ch2-n-(ch2ch3)2 

0 


(XXIII)  R  =  -NH2 
(XXIV)  R  =  -CH3 
(XXV)  R  =  -Cl 


The  first  systematic  synthesis  of  procaine  amide  analogues  was 
reported  rather  recently  by  Thyrum  and  Day  (68).  In  the  series  of 
compounds  they  prepared,  the  following  showed  good  ant iar rhythmic 
activity  when  tested  on  isolated  rabbit  heart:  N-[ 2-(N-methylanilino)- 
ethyl] -p-aminobenzamide  (XXVI) ;  N- [ 2-(2-indodinyl)ethyl] -p-aminobenzamide 
(XXVII);  N,N-[bis-2(p-aminobenzamido)ethyl] -n-butylamine  (XXXIII)  and  N-(2 
piper idinoe thy 1 ) -p -aminobenzamide  (XXIX) . 


(XXVI) 


(XXVII) 


c  ..  a  '  ).  .Xt*  :  1, 

-  ••  -  :  •  .  .:•=  -  .  ’•  .  :•  ••  6 
’  :  ■  /  •  •  :  •  ?.?.  ■  '■■■■:,  '  "  .  ■  ..-/i-ii-i' 

•  ■  -  •  -  .  ;; r  :  v 


•  :  r--:*  :t  :  ■’*  -,V.  /  . -  r  fl-i. 


: 

'  .  ■'  ;  '  .  ''  <  ■■  -  a  y<  • .  ,  a'  ' 


•  .  •  .  *r  )•  • 

■ 


,  r ..  :  r  *  ' 


17 


0 


0 


NH 


2 


2  u  2  “  2 3 


(XXVIII) 


\ 


/ 


(XXIX) 


compound  XXVI  was  reported  to  have  a  potency  15  times  that  of  procaine 
amide  (62) . 

In  1965  a  new  group  of  ant iar rhythmic  agents,  N-(6)-aminoalkyl) - 
phthalimides ,  was  synthesized  (69).  Of  these,  N - [ 4- ( 3-methyl pipe rid ino) 
n-butyl] phthalimide  (XXX)  and  N- [ 4- (4-methyl piper idino) -n -butyl ] phthal - 
imide  (XXXI)  had  the  highest  activity. 


(XXX)  R  -  3-CH3 
(XXXI)  R  =  4-CH3 


The  3-methylpiperidine  compound  (XXX)  proved  to  be  1.6  times  as 
potent  in  atrial  and  2.5  times  as  potent  in  ventricular  fibrillation 
as  quinidine,  while  its  toxicity  was  only  1.6  times  higher  than  that 


of  quinidine  when  tested  on  cats  (70). 
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STATEMENT  OF  THE  PROBLEM 
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The  aim  of  this  investigation  was  to  provide  additional  information 
on  the  relationship  between  the  structure  and  the  ant iarrhythmic 
activity  of  procaine  amide. 

The  problem  was  approached  as  follows: 

(1)  The  procaine  amide  molecule  was  altered  by  replacement  of  the 
para -amino  group  by  a  chlorine  atom,  inclusion  of  a  piperazine  ring  or 
conversion  of  the  tertiary  amine  nitrogen  to  a  tertiary  amide  nitrogen. 

(2)  All  of  the  compounds  synthesized  were  tested  for  their  effect 
on  the  effective  refractory  period  of  isolated  guinea  pig  atria  as  a 
preliminary  screening  for  ant iarrhythmic  activity. 

(3)  Studies  of  the  structure  and  activity  relationship  of  any 
compound  synthesized  and  found  to  possess  ant iarrhythmic  activity  were 
carried  out. 

(4)  An  attempt  was  made  to  map  a  receptor  for  ant iarrhythmic  agents. 
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RESULTS  AND  DISCUSSION 
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1.  Replacement  of  the  para -Amino  Group  in  Procaine  Amide  by  a  Chlorine 
Atom 

It  has  been  shown  by  various  workers  that  the  amino  group  on  the 
benzene  ring  of  the  procaine  amide  molecule  can  be  replaced  by  other 
substituents  such  as  the  hydroxybutyl ,  isopropyl  and  methoxy  groups 
without  loss  of  ant iar rhythmic  activity  (65).  A  chloro  substituent, 
however,  has  not  been  studied  in  this  respect.  This  is  rather  strange, 
because  in  many  instances  introduction  of  a  halogen  atom  such  as 
chlorine  into  a  molecule  can  have  a  favourable  influence  on  the  activity 
of  the  therapeutic  agent.  For  example,  2 -ch 1 or  opr  oca ine  amide  (XVI)  is 
four  times  as  potent  as  procaine  amide.  As  a  tranquilizer  agent, 

chi or promazine  (XXXII)  is  more  active  than  promazine  (XXXIII).  In 

on  the  activity 

order  to  study  the  effect  of  replacing  the  para-amino  group  in  procaine 


(XXXII)  R  =  -Cl 
(XXXIII)  R  ~  -H 


amide  by  a  chloro  substituent  -ear  the  ■activity,  the  compound, 
p-chloro-N-(2-diethylaminoethyl)benzamide  hydrochloride  (XXXIV)  was 
synthesized . 


c-nh-ch2ch2~n-(ch2ch3)2  .  HC1 


(XXXIV) 
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The  effect  of  this  compound  on  the  maximum  stimulation  rate  of 
isolated  guinea  pig  atria  is  listed  in  Table  I,  along  with  those  of 
procaine  amide  hydrochloride  for  comparison  purposes.  The  results 
indicated  that  p^chloro-N-»(2-diethylaminoethyl)benzamide  hydrochloride 
(XXXIV)  had  a  higher  activity  than  procaine  amide  hydrochloride  in 
reducing  the  maximum  stimulation  rate.  At  a  concentration  of  1:10,000, 
p-chloro-N-(2-diethylaminoethyl)benzamide  hydrochloride  (XXXIV)  reduced 
the  maximum  stimulation  rate  27.3*3.17,,  whereas  procaine  amide 
hydrochloride  at  the  same  concentration  reduced  the  maximum  stimulation 
rate  only  14.5*3.1%.  The  chloro  substituent,  therefore,  appeared  to 
have  a  favourable  influence  on  the  ability  of  the  compound  to  depress 
the  maximum  stimulation  rate  of  isolated  guinea  pig  atria. 

A  record  taken  from  an  experiment  in  which  the  effect  of  p-chloro- 
N-(2-diethylaminoethyl)benzamide  hydrochloride  (XXXIV)  on  the  maximum 
stimulation  rate  of  isolated  guinea  pig  atria  was  determined  is  shown 
in  Figure  1. 

Because  of  its  action  on  the  maximum  stimulation  rate  of  isolated 
atria,  the  compound  was  tested  for  activity  against  arrhythmias  induced 
in  the  cat  by  petroleum  ether  and  adrenaline.  It  was  found  that  this 
compound  provided  some  protection  against  petroleum  ether : adrenaline - 
induced  arrhythmias,  as  illustrated  in  Figure  2.  The  activity,  however, 
was  less  than  that  of  procaine  amide  hydrochloride.  To  prevent  the 
occurrence  of  the  arrhythmias,  8  mg. /kg.  of  procaine  amide  hydrochloride 
was  required,  whereas  with  p-chloro-N-(2-diethylaminoethyl)benzamide 
hydrochloride  (XXXIV),  the  higher  dose  of  12  mg. /kg.  was  needed. 
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Figure  1.  Effect  of  p-chloro-N-(2-diethylaminoethyl)benzamide 
hydrochloride  (XXXIV)~on  the  maximum  stimulation  rate  (MSR)  of 
isolated  guinea  pig  atria.  The  MSR,  manifested  as  dropped 
beat  followed  by  a  contraction  of  greater  than  normal  amplitude, 
before  exposure  of  the  atria  to  the  compound  (control)  was  360 
shocks  per  minute.  After  five  minutes  this  was  reduced  to  312 
shocks  per  minute;  after  ten  minutes,  288  shocks  per  minute,  and 
after  fifteen  minutes,  276  shocks  per  minute.  The  concentration 
was  1:10,000.  The  time  marker  was  at  one  second  intervals. 
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Figure  2.  Effect  of  p-chloro-N-(2-diethylaminoethyl)benzamide 
hydrochloride  (XXXIV,~DY92)  on  petroleum  ether : adrenaline -induced 
arrhythmias  at  a  dose  of  12  mg. /kg.  Tracing  A,  taken  before 
institution  of  petroleum  ether  inhalation,  shows  the  control  ECG 
and  a  blood  pressure  of  80  mm.  Hg.  Tracing  B,  taken  about  thirty 
seconds  from  the  injection  of  40  |ig./kg.  adrenaline,  shows  the 
development  of  ventricular  rhythm  from  multiple  foci.  The  duration 
of  the  arrhythmia  was  approximately  seventy  seconds.  The  blood 
pressure  was  raised  to  160  mm.  Hg.  after  the  administration  of 
adrenaline  and  dropped  whenever  an  arrhythmia  occurred.  Tracing 
C,  taken  about  ten  seconds  after  the  petroleum  ether  and  adrenaline 
challenge,  shows  the  arrhythmias  in  the  cat  after  treatment  of 
12  mg. /kg.  of  p-chloro-N-(2-diethylaminoethyl)benzamide 
hydrochloride  "OtXXIV) .  The  arrhythmias  occurred  about  fifteen 
seconds  after  the  petroleum  ether' and  adrenaline  challenge.  There 
was  an  almost  immediate  return  of  sinus  rhythm.  The  duration  of 
petroleum  ether  inhalation  was  forty-five  seconds  in  this 
particular  experiment. 


26 


2.  Piperazine  Analogue  of  p-Chloro-N-(2-diethylaminoethyl)benzamide 
Hydrochloride  (XXXIV) 

Ellis  and  Sivertsen  (71)  reported  that  some  o-alkylated  benz- 
hydrylpiperazines  (XXXV)  showed  considerable  ant iar rhythmic  activity. 


(XXXV) 


Another  piperazine  compound,  hydroxyzine  (VII)  has  been  introduced 
in  clinical  use  for  treatment  of  arrhythmias.  This  seems  to  indicate 
that  the  piperazine  ring  might  have  a  favourable  influence  on  the 
ant iar rhythmic  activity.  It  would,  therefore,  be  of  interest  to 
determine  whether  this  same  piperazine  nucleus  would  have  any  effect 
on  the  ant iar rhythmic  activity  of  p-chloro-N-(2-diethylaminoethyl) - 
benzamide  hydrochloride  (XXXIV).  For  this  reason,  the  following 
compound,  1 -ethyl -4-p-chlorobenzoylpiperzine  hydrochloride  (XXXVI) 


(XXXVI) 


was  prepared. 
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This  compound  differs  from  p-chloro-N-(2-diethylaminoethyl) - 
benzamide  hydrochloride  (XXXIV)  mainly  in  the  presence  of  a 
piperazine  ring  which  can  be  visualized  as  a  linkage  between  the 
amide  nitrogen  and  the  tertiary  nitrogen  in  the  p-chloro-N-(2-diethyl- 
aminoethyl)benzamide  hydrochloride  (XXXIV)  molecule.  It  can  be  seen 
in  Table  II  that  l-ethyl-4-p-chlorobenzoylpiperazine  hydrochloride 
(XXXVI)  showed  no  activity  in  reducing  the  maximum  stimulation  rate 
of  isolated  guinea  pig  atria  at  concentrations  of  1:5,000  and  1:10,000. 
The  remarkable  activity  of  p-chloro-N-(2-diethylaminoethyl)benzamide 
hydrochloride  (XXXIV)  disappeared  with  the  conversion  of  the  ethylene- 
diamine  fragment  to  a  ring  structure.  1 -Ethyl -4-p-chlorobenzoyl- 
piperazine  hydrochloride  (XXXVI)  was  not  tested  for  antiarrhythmic 
activity  in  intact  animals,  since  it  showed  no  effect  on  the  refractory 
period  of  isolated  guinea  pig  atria. 

3.  Modification  of  the  Alkyl  Chain  Length  in  the  l-Alkyl-4-p-chloro- 
benzoylpiperazine  Hydrochlorides 

An  increase  in  the  length  of  a  hydrocarbon  chain  in  a  therapeutic 
agent  can  sometimes  bring  about  an  increase  in  activity.  Since  1-ethyl- 
4-p-chlorobenzoylpiperazine  hydrochloride  (XXXVI)  was  found  to  be 
devoid  of  any  activity  in  reducing  the  maximum  stimulation  rate,  it 
was  hoped  that  replacing  the  ethyl  group  by  some  higher  alkyl  radicals 
would  yield  some  active  compounds.  Accordingly,  the  following  1- 
alkyl-4-p-chlorobenzoylpiperazine  hydrochlorides  were  synthesized: 
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•  HC1 


(xxxvii)  r  =  -ch2ch2ch3 
(xxxviii)  r  =  -ch2ch(ch3)2 
(xxxix)  r  =  -ch2ch2ch2ch2ch3 

The  effect  of  these  compounds  on  the  maximum  stimulation  rate 
of  isolated  guinea  pig  atria  is  recorded  in  Table  II.  The  results 
indicated  that  activity  was  restored  in  l-n-propyl-4-p-chlorobenzoyl- 
piperazine  hydrochloride  (XXXVII).  This  compound  depressed  the  maximum 
stimulation  rate  of  isolated  atria  by  26.2*6.1%  at  a  concentration  of 
1:10,000.  At  the  same  concentration,  procaine  amide  hydrochloride 
depressed  the  maximum  stimulation  rate  by  only  14.3*3.4%. 

As  the  chain  length  continued  to  increase,  for  instance,  to  an 
isobutyl  or  n-pentyl  group,  the  compounds  began  to  show  strong 
depressant  action  on  the  force  and  rate  of  contraction  of  isolated 
guinea  pig  atria  at  a  concentration  of  1:10,000.  l-Isobutyl-4-p- 
chlorobenzoylpiperazine  hydrochloride  (XXXVIII)  and  l-n-pentyl-4-p- 
chlorobenzoylpiperazine  hydrochloride  (XXXIX)  exhibited  this  depressant 
action  even  at  a  concentration  of  1:100,000.  The  atria  were  usually 
completely  arrested  at  this  concentration,  but  beating  resumed  shortly  1 
after  washings. 

l-n-Propyl-4-p-chlorobenzoylpiperazine  hydrochloride  (XXXVII)  and 
l-isobutyl-4-p-chlorobenzoylpiperazine  hydrochloride  (XXXVIII)  were 
tested  for  ant iar rhythmic  activity  in  intact  animals.  The  technique 
of  inducing  arrhythmias  in  these  tests  was  that  of  topical  application 
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of  aconitine  to  the  right  atrium  of  the  cat.  Quinidine  was  used  as 
a  standard.  In  Table  III  the  results  of  the  tests  are  summarized. 

The  screening  detected  ant iarrhythmic  activity  in  1-n-pr opyl-4- 
p-chlorobenzoylpiperazine  hydrochloride  (XXXVII)  only.  In  three  out 
of  four  experiments  with  this  compound,  a  sinus  rhythm  of  normal 
frequency  was  established  within  two  minutes  and  lasted  from  forty 
minutes  to  three  hours.  In  the  fourth  experiment  an  atrial  arrest 
brought  about  the  death  of  the  animal.  Control  cats  treated  with 
quinidine  also  showed  a  sinus  rhythm  maintained  from  two  to  four 
hours.  According  to  the  dosage  used  in  the  experiments,  the  anti- 
arrhythmic  activity  of  l-n-propyl-4-p-chlorobenzoylpiperazine 
hydrochloride  (XXXVII)  is  approximately  half  that  of  quinidine. 

Since  procaine  amide  hydrochloride  is  less  potent  than  quinidine  on  a 
weight  basis  (72),  l-n-propyl-4-£-chlorobenzoylpiperazine  hydrochloride 
(XXXVII)  may  be  considered  to  have  an  activity  similar  to  that  of 
procaine  amide  hydrochloride. 

4.  Replacement  of  the  par a -Chi or o  Substituent  in  1-n-Pr  opyl-4-p- 

chlorobenzoylpiperazine  Hydrochloride  (XXXVII)  by  a  Hydrogen, 

Methoxy  or  Amino  Group 

After  the  ant iarrhythmic  activity  of  1-n -propyl -4-p-chloro- 
benzoylpiperazine  hydrochloride  (XXXVII)  was  detected,  it  was 
considered  desirable  to  investigate  the  effect  on  activity  of 
substituents  on  the  benzene  ring.  To  determine  whether  a  ring 
substituent  was  necessary  at  all  for  activity,  the  compound,  1-n- 
propyl-4-benzoylpiperazine  hydrochloride  (XL)  was  prepared.  1 -n~ 
Propyl-4-p-methoxybenzoylpiperazine  hydrochloride  (XLI)  and  1-n-propyl- 
4-p-aminobenzoylpiperazine  hydrochloride  (XLII)  were  also  synthesized 
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This  work  was  carried  out  by  Frank  W.  Horner  Limited,  Montreal 
Consecutive  dose. 
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to  determine  whether  the  chloro  substituent  in  l-n-propyl-4-£-chloro- 
benzoylpiperazine  hydrochloride  (XXXVII)  could  be  replaced  by  a  methoxy 
or  an  amino  group  and  still  retained  activity.  These  two  groupings  were 
chosen  because  the  methoxy  group  is  the  ring  substituent  in  the 
quinidine  (I)  molecule,  and  the  amino  group  in  procaine  amide  (III). 


(XL)  R  =  -H 


(XLI)  R  =  -OCH3 
(XLII)  R  =  -NH2 


These  compounds  were  tested  for  their  effect  on  the  maximum 
stimulation  rate  of  isolated  guinea  pig  atria  and  the  results  are 
recorded  in  Table  IV.  A  ring  substituent  did  not  appear  to  be  essential 
for  activity  in  reducing  the  maximum  stimulation  rate  of  isolated 
atria,  because  1-n -propyl -4-benzoylpiperazine  hydrochloride  (XL)  showed 
activity  about  half  that  of  l-n-propyl-4-p-chlorobenzoylpiperazine 
hydrochloride  (XXXVII)  at  a  concentration  of  1:10,000.  The  other  two 
compounds,  l-n-propyl-4-p-methoxybenzoylpiperazine  hydrochloride  (XLI) 
and  l-n-propyl-4-p-aminobenzoylpiperazine  hydrochloride  (XLII)  also 
exhibited  activity,  although  to  a  much  lesser  degree,  indicating  that 
the  para-chloro  substituent  in  l-n-propyl-4-£-chlorobenzoylpiperazine 
hydrochloride  (XXXVII)  could  be  replaced  by  a  methoxy  or  an  amino  group. 
It  is  evident,  however,  that  at  a  concentration  of  1:10,000,  the  chloro 
containing  compound  was  the  most  active.  Like  l-n-propyl-4-£-chloro- 
benzoylpiperazine  hydrochloride  (XXXVII),  l-n-propyl-4-p-methoxybenzoyl- 
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piperazine  hydrochloride  (XLI)  was  found  to  possess  a  strong  depressant 
action  on  the  force  and  rate  of  contraction  of  isolated  guinea  pig  atria. 

Although  the  para-chloro  substituent  in  1  -n -propyl ~4-g_-chlor obenzoyl - 
piperazine  hydrochloride  (XXXVII)  was  not  necessary  for  lowering  the 
maximum  stimulation  rate,  the  results  listed  in  Table  V  suggested  that 
this  substituent  was  essential  for  ant iar rhythmic  activity.  When  the 
chloro  substituent  was  removed  or  replaced,  the  activity  was  lost. 

5.  Shielding  of  the  Amide  Bond  in  l-n-Propyl-4-p-chlorobenzoylpiperazine 
Hydrochloride  (XXXVII)  by  Substituents  on  the  Benzene  Ring 

It  has  already  been  mentioned  that  procaine  (II),  which  is  a  weak 
ant iar rhythmic  agent,  is  rapidly  hydrolyzed  by  the  esterases  in  the 
plasma  and  that  replacing  the  ester  linkage  in  the  procaine  (II)  molecule 
with  an  amide  linkage  produces  the  compound,  procaine  amide  (III).  The 
increase  in  activity  is  believed  to  be  a  result  of  the  reduced  rate  of 
enzymic  hydrolysis  of  the  amide  linkage  as  compared  to  that  of  the 
ester  bond.  In  their  studies  on  the  relationship  between  structure 
and  in  vitro  metabolism  of  various  esters  and  amides  in  human  serum, 

Levine  and  Clark  (73)  found  that  the  rate  of  hydrolysis  for  procaine 
(II)  was  500  |ig./ml.  serum/hr.,  whereas  for  procaine  amide  (III)  the 
rate  was  almost  zero.  The  resistance  of  xylocaine  (VIII)  and  2,6-di- 
methoxybenzoylcholine  iodide  (XLIII)  to  enzymic  hydrolysis  is  another 
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example  of  the  influence  of  "packing"  of  the  vital  points  in  drugs  for 
stability.  The  reason  why  2-chloroprocaine  amide  (XVI)  is  four  times 
as  potent  as  procaine  amide  could  be  explained  by  this  "packing" 
influence,  in  addition  to  the  influence  of  the  chlorine  atom  itself. 
Study  of  the  Fisher -Hirschfelder-Taylor  molecular  model  of  1-n-propyl- 
4-p-chlorobenzoylpiperazine  (XXXVII)  has  shown  that  the  piperazine  ring 
provides  some  degree  of  shielding  of  the  amide  bond.  It  appeared,  then, 
to  be  worthwhile  to  explore  the  possibility  of  increasing  the  activity 
of  this  compound  by  further  shielding  of  the  amide  bond  by  appropriate 
substituents  on  the  benzene  ring.  Accordingly,  l-n-propyl-4-(4-chloro- 
2 ,6-dimethylbenzoyl)piperazine  hydrochloride  (XLIV)  was  synthesized. 


Cl 


N-CH2CH2CH3  •  HC1 


(XLIV) 


Since  -0-  and  -NH-  are  isosteric  pairs  (74),  it  would  be  reasonable 
to  postulate  that  the  ant iarrhy thmic  activity  of  the  procaine  type 
local  anesthetic  agents  may  be  improved  if  the  ester  bond  is  protected 
from  the  enzymic  hydrolysis  by  having  substituents  at  the  ortho  positions 
of  the  benzene  ring.  Hence,  it  was  decided  to  synthesize  the  compound, 
2-diethylaminoethyl  2 1 6 ' -dimethyl -4* -chlorobenzoate  hydrochloride  (XLV) . 
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(XLV) 
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Both  compounds  were  studied  for  their  action  on  the  effective 
refractory  period  of  isolated  guinea  pig  atria.  l-n-Propyl-4-(4- 
chloro-2,6-dimethylbenzoyl)piperazine  hydrochloride  (XLIV)  was  found 
to  have  no  effect  on  the  refractory  period  at  a  concentration  of 
1:10,000  .  At  a  concentration  of  1:5,000  this  compound  reduced  the 
maximum  stimulation  rate  slightly  by  6.4-2.170  .  2-Diethylaminoethyl 

2' ,6' -dimethyl-4* -chlorobenzoate  hydrochloride  (XLV)  did  not  depress 
the  maximum  stimulation  rate  of  isolated  atria  even  at  a  concentration 
of  1:5,000***.  Therefore,  it  is  evident  that  these  two  compounds  do 
not  possess  any  ant iar rhythmic  activity  in  intact  animals. 

6.  Modification  of  the  Alkyl  Chain  Length  in  the  1 -Alkyl -4-benzoyl - 

piperazine  Hydrochlorides 

In  the  study  of  the  effect  of  replacement  of  the  para-chloro  group 
in  l-n-propyl-4-p-chlorobenzoylpiperazine  hydrochloride  (XXXVII)  on 
the  maximum  stimulation  rate  of  isolated  guinea  pig  atria,  it  was  found 
that  l-n-propyl-4-benzoylpiperazine  hydrochloride  (XL)  produced  a 
marked  reduction  in  the  maximum  stimulation  rate  at  concentrations  of 
1:5,000  and  1:10,000.  Therefore,  it  was  decided  to  synthesize 
additional  1 -alkyl -4-benzoylpiperazine  hydrochlorides  and  study  the 
effect  of  the  chain  length  of  the  alkyl  substituent  in  these  compounds 
on  the  ability  to  depress  the  maximum  stimulation  rate.  Accordingly, 
the  following  compounds  were  synthesized: 

*  + 

Maximum  stimulation  rate  (MSR)  before  exposure,  332-6.9  shocks  per 

minute;  330+8.7  shocks  per  minute  after  fifteen-minute  exposure. 

**  ,  . 

MSR  before  exposure,  327-15.1  shocks  per  minute;  306-8.7  shocks  per 

minute  after  fifteen-minute  exposure. 

•kick  _L  _l_ 

MSR  before  exposure,  320-6.9  shocks  per  minute;  312-0.0  shocks  per 
minute  after  fifteen-minute  exposure. 
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(XLVI)  R  =  -CH3 
(XLVII)  R  =  -CH2CH3 
(XLVIII)  R  =  -CH2CH2CH2CH3 
(XL IX)  R  =  -CH2CH2CH(CH3)2 

It  can  be  seen  from  Table  VI  that  no  activity  was  detected  in  two 
members  of  the  series,  i.e.,  when  R  =  -CH3  and  -CH2CH3.  Activity  was 
restored,  however,  in  the  higher  members.  At  a  concentration  of 
1:10,000,  l-n-butyl-4-benzoylpiperazine  hydrochloride  (XLVIII)  reduced 
the  maximum  stimulation  rate  by  27 . 3^-3. 117..  This  effect,  as  indicated 
by  the  results  of  the  Student fs  "tM  test  with  the  probability  of  0.05 
as  the  point  of  significance,  is  significantly  greater  than  that  of 
procaine  amide  hydrochloride  (14.5^3.1%).  This  demonstrated  that 
l-n-butyl-4-benzoylpiperazine  hydrochloride  (XLVIII)  could  prolong 
the  refractory  period  of  the  atrial  muscle  and  for  this  reason,  the 
compound  was  tested  in  our  own  laboratory  for  protection  against 
arrhythmias  induced  by  the  combined  use  of  adrenaline  and  petroleum 
ether  in  the  cat.  These  tests  showed  that  l-n-butyl-4-benzoylpiperazine 
hydrochloride  (XLVIII)  exhibited  no  ant iar rhythmic  activity  at  a  dose 
of  24  mg. /kg.  The  dosage  for  procaine  amide  hydrochloride  for 
preventing  the  occurrence  of  arrhythmias  was  8  mg. /kg. 

7.  Modification  of  the  Alkyl  Chain  Length  in  the  1 -Alkyl -4-p-methoxy- 

^il5^Xi£2£®££^iil£-JiX^£2£ill2£i^£^- 

In  the  determination  of  the  effect  of  1 -n -propyl -4-p-methoxy- 
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benzoylpiperazine  hydrochloride  (XLI)  on  the  maximum  stimulation  rate 
of  isolated  guinea  pig  atria,  it  was  found  that  this  compound  possessed 
a  marked  depressant  action  on  the  contraction  of  the  atria  (see  Table 
IV).  A  similar  property  was  also  observed  in  the  higher  homologues  of 
the  l-alkyl-4-p-chlorobenzoylpiperazine  hydrochlorides  (see  Table  II). 
In  order  to  determine  whether  a  relationship  existed  between  the  chain 
length  of  the  alkyl  substituent  in  the  1 -alkyl -4-p-methoxybenzoyl- 
piperazine  hydrochlorides  and  the  depressant  action,  the  following 
compounds  were  synthesized: 


(L)  R  -  -CH3 
(LI)  R  -  -CH2CH3 
(LII)  R  =  ~CH(CH3)2 
(LIII)  R  =  -CH2CH2CH2CH3 
(LIV)  R  =  -CH2CH2CH(CH3)2 

The  results  summarized  in  Table  VII  indicated  that  such  a 
relationship  did  exist.  Among  the  compounds  synthesized,  those  that 
had  an  alkyl  chain  length  longer  than  two  carbons,  with  the  exception 
of  1-isopropyl -4-p-methoxybenzoylpiperazine  hydrochloride  (LII), 
showed  depressant  action  on  the  contraction  of  the  atria. 

8.  Piperazine  Analogue  of  Procaine  Amide  (III) 

It  has  already  been  observed  that  the  piperazine  analogue  of 
p-chloro-N-(2-diethylaminoethyl)benzamide  (XXXIV),  namely,  l-ethyl-4-p 
chlorobenzoylpiperazine  hydrochloride  (XXXVI) ,  had  no  effect  on  the 
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refractory  period  of  isolated  guinea  pig  atria  and  consequently  no 
ant iar rhythmic  activity.  To  determine  if  a  similar  analogue  of 
procaine  amide  (III)  would  have  the  same  properties,  the  compound, 

1 -ethyl -4-£-aminobenzoylpiperazine  hydrochloride  dihydrate  (LV)  was 
synthesized . 


(LV) 


This  compound  was  tested  and  found  to  have  no  effect  on  the 
maximum  stimulation  rate  of  isolated  atria  at  concentrations  of 
1:5,000  and  1:10,000.  This  indicated  that  the  refractory  period  of 
the  atrial  muscle  was  not  prolonged  by  the  compound  and  therefore 
the  compound  was  not  expected  to  have  any  ant iar rhythmic  activity. 

It  is  clear  that  inclusion  of  the  piperazine  ring  in  procaine  amide 
abolished  the  ant iar rhythmic  activity  of  the  compound. 

9 .  Replacement  of  the  Terminal  Tertiary  Amine  Nitrogen  in  Procaine 

Amide  (III)  by  a  Tertiary  Amide  Nitrogen 

Conn  and  co-workers  (60)  pointed  out  that  the  tertiary  amine 
nitrogen  in  quinidine  (I)  played  an  important  role  in  the  effective¬ 
ness  of  this  drug.  A  survey  of  the  ant iar rhythmic  agents  showed 
that  the  great  majority  of  them  possess  a  tertiary  amine  nitrogen  in 
the  molecule.  However,  no  such  tertiary  amine  nitrogen  was  found  in 
the  antiarrhythmic  agent,  diphenylhydantoin  (IX).  Instead,  this 
drug  has  two  amide  nitrogens  in  the  molecule.  In  the  light  of  this, 
it  was  decided  to  synthesize  some  procaine  amide  analogues  in  which 
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the  tertiary  amine  nitrogen  in  procaine  amide  was  replaced  by  a  tertiary 
amide  nitrogen  and  to  study  the  effect  of  this  modification  on  the 
ant iarrhythmic  activity. 

The  analogues  that  were  synthesized  are  listed  as  follows: 


(LVI) 

R 

“NH2 

R' 

- 

-CH2CH2CH3 

(LVII) 

R 

- 

-nh2 

R' 

- 

-ch2ch(ch3)2 

(LVIII) 

R 

-Cl 

R* 

= 

-CH(CH3>2 

(LIX) 

R 

s 

-Cl 

R’ 

= 

-ch2ch2ch2ch3 

(LX) 

R 

- 

-och3 

R* 

= 

-ch2ch2ch3 

(LXX) 

R 

- 

-OCH3 

R* 

= 

-ch2ch2ch2ch3 

(LXII) 

R 

= 

-H 

R' 

= 

-CH2CH(CH3)2 

(LXIII) 

R 

= 

-H 

R' 

= 

-CH2CH2CH2CH2CH 

It  has  been  reported  that  certain  aromatic  substituents  at  the 
tertiary  amine  nitrogen  of  procaine  amide  can  increase  the  anti- 
arrhythmic  activity,  due  to  the  additional  van  der  Waals  forces 
provided  by  the  aromatic  rings  (62).  Such  additional  forces  would 
improve  the  facility  for  binding  on  the  receptor.  Therefore,  the 
introduction  of  a  benzoyl  group  on  the  tertiary  amine  nitrogen  in 
procaine  amide,  as  typified  by  the  analogues  synthesized  here, 
should  produce  the  same  effect  because  of  the  additional  aromatic 
benzene  ring.  However,  this  alteration  also  changes  the  character 
of  that  nitrogen  to  an  amide  from  an  amine.  In  other  words,  it  is 
no  longer  possible  for  the  molecule  to  be  protonated  at  physiological 


.  .  .  -  . 

. 

-  •  ;  ■ ,  .  -  '  ■  -  -i 

■ 


....  '  .  •  -  jj-  '  ,  '  ; 

*  !  ■  '  .  :  ■  .. 


...... 

-  Jt 

i-C  : l) 

;.  ■ 

; 

r  r;  a  .  ”i . 


48 


pH.  Any  information  with  regard  to  the  relationship  between  the 
activity  and  the  ability  of  the  molecule  to  be  protonated  at 
physiological  pH  would  be  valuable  in  determining  whether  an  anionic 
site  exists  at  the  receptor  site.  The  presence  of  a  charged  group 
on  an  active  compound  suggests  a  counter  charged  group  in  the 
receptor . 

It  can  be  seen  from  Table  VIII  that,  at  the  concentrations  used, 
the  compounds  did  not  reduce  the  maximum  stimulation  rate  to  any 
measurable  extent.  Instead,  they  showed  a  remarkable  depressant 
action  on  the  force  and  rate  of  contraction  of  the  atria,  even  at  a 
concentration  of  1:100,000.  At  this  concentration,  the  atrial  activity 
was  usually  completely  inhibited,  but  the  activity  returned  shortly 
after  washings.  In  one  instance,  however,  a  concentration  of  1:20,000 
of  N,N' -di(p-chlorobenzoyl) -N-n-butylethylenediamine  (LIX)  was  found 
to  completely  abolish  the  contraction  of  the  atria  despite  repeated 
washings . 

Unlike  the  piperazine  derivatives  mentioned  earlier,  the  analogues 
synthesized  in  this  series  did  not  form  hydrochloride  salts.  For  the 
determination  of  the  maximum  stimulation  rate,  95%  ethanol  was  used  as 
a  solvent  since  more  diluted  ethanol  permitted  the  compounds  to 
precipitate  out  in  the  tissue  bath.  To  be  certain  that  the  effect  on 
the  maximum  stimulation  rate  and  on  the  contraction  of  the  isolated 
atria  was  due  to  the  compounds  themselves  and  not  due  to  the  ethanol, 
a  control  was  performed.  Results  indicated  that  with  the  small  quantity 
(0.3  ml.)  of  ethanol  used  in  the  determinations,  it  had  no  effect  on 
either  measurement. 

Despite  the  fact  that  these  compounds  did  not  show  any  activity 
in  depressing  the  maximum  stimulation  rate  of  isolated  guinea  pig  atria, 
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they  were  screened  for  ant iar rhythmic  activity  in  intact  animals 
to  ensure  that  this  inactivity  was  not  due  to  the  low  concentrations 
used  in  the  determinations.  At  a  concentration  of  1:100,000,  procaine 
amide  hydrochloride  also  did  not  have  any  effect  on  the  refractory 
period  of  the  atria.  The  results  of  the  screening  are  shown  in  Table 
IX.  According  to  the  results,  it  was  quite  apparent  that  the 
inactivity  of  the  compounds  to  reduce  the  maximum  stimulation  rate  of 
isolated  atria  was  not  due  to  the  low  concentrations  used,  because 
none  of  the  compounds  showed  antiarrhythmic  activity. 

10.  Studies  on  the  Depressant  Action  of  Some  Compounds  on  the 

Contraction  of  Isolated  Guinea  Pig  Atria 
After  it  was  found  from  the  effective  refractory  period  studies 
that  some  compounds  had  marked  depressant  action  on  the  contraction 
of  isolated  guinea  pig  atria,  it  was  considered  desirable  to  determine 
whether  the  nature  of  the  depressant  action  was  due  to  parasympatho¬ 
mimetic  activity.  If  these  compounds  did  act  by  this  mechanism,  then 
a  parasympatholytic  substance,  such  as  atropine,  would  block  the 
depressant  action.  For  this  reason,  3  pg.  of  atropine  sulfate  was 
added  to  the  tissue  bath  and  after  five  minutes,  the  solutions  of 
the  test  compounds  were  administered.  The  experiments  were  repeated 
three  times  and  on  two  different  atria.  The  two  compounds  chosen 
were  l-isobutyl-4-p-chlorobenzoylpiperazine  hydrochloride  (XXXVIII) 
and  N,N' -di(£-methoxybenzoyl) -N-n-butylethylenediamine  (LXI) ,  because 
both  showed  strong  depressant  activity  (see  Tables  II  and  VIII) . 
According  to  the  results  illustrated  in  Figure  3,  it  did  not  appear 
that  these  compounds  possessed  parasympathomimetic  activity  in  this 
preparation,  since  atropine  did  not  prevent  the  depressant  action. 
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Figure  3.  Studies  of  depressant  actions  of  l-isobutyl-4-p- 
chlorobenzoylpiperazine  hydrochloride  (XXXVIII,  DY93)  and 
N,N! -di(p-methoxybenzoyl) -N-n-butylethylenediamine  (LXI,  DY58) 
with  atropine  sulfate. 


ATROPINE  SULFATE 

3/Lf 


IllllilillUilliluiiililtltluHiiiimiiii  UUhlia^ 
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DY93 
1  =  10,000 
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The  same  concentration  (3  |ig.)  of  atropine  sulfate  was  found  to  block 
the  depressant  action  of  3  |ig.  of  acetylcholine.  This  observation 
indicated  that  these  compounds  act  directly  on  the  heart  muscle. 
However,  much  more  elaborate  and  careful  pharmacological  studies  would 
be  necessary  to  establish  the  exact  nature  of  this  depressant  action. 

11.  Analogues  of  N,N-[Bis-2(£-aminobenzamido)ethyl] -n-butylamine 
(XXVIII) 

While  this  investigation  was  in  progress,  a  report  appeared  that 
N,N-[bis-2(p-aminobenzamido)ethyl] -n-butylamine  (XXVIII)  possessed  some 
antif ibrillatory  activity  (62).  No  alkyl  radical  other  than  n-butyl 
was  reported  in  the  aforementioned  study.  It  was,  therefore,  decided 
to  synthesize  some  analogues  of  this  compound  and  to  study  the 
relationship  of  their  structures  and  biological  activity.  For  this 
reason,  the  following  compounds  were  prepared: 


(LXIV) 

R  =  -Cl 

R1  =  -CH(CH3)2 

(LXV) 

R  =  -Cl 

R*  =  -CH2CH(CH3)2 

(LXVI) 

R  =  -OCH3 

R'  =  -CH2CH2CH3 

(LXVII) 

R  =  -OCH3 

R1  =  -CH2CH(CH3)2 

(LXVI II) 

R  =  -N02 

R*  =  -CH2CH3 

(LXIX) 

R  =  -N02 

R'  =  -CH2CH(CH3)2 

Since  the  results  of  the  effective  refractory  period  studies 
on  N,N-[bis-2(p-chlorobenzamido)ethyl] isopropylamine  (LXIV) ,  N,N- 
[bis-2(p-chlorobenzamido)ethyl] isobutylamine  (LXV) ,  N,N-[bis-2(p- 
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methoxybenzamido)ethyl]  -n -propylamine  (LVI)  and  N  ,N- [  bis -2  (p.-methoxy- 
benzamido)ethyl] isobutylamine  (LVII)  shoved  that  these  compounds  had 
no  effect  on  the  maximum  stimulation  rate  of  isolated  guinea  pig  atria, 
it  appeared  that  further  synthesis  of  similar  compounds  in  the  series 
was  not  warranted. 

12.  Toxicity  Studies 

The  toxicity  studies  involved  the  determination  of  the  median 
lethal  dose  (LD^q)  on  male  mice.  The  LD^q  was  calculated  by  the  method 
of  Litchfield  and  Wilcoxon  (75)  and  was  based  on  three  day  observations. 
Table  X  is  a  summary  of  the  toxicity  data  of  the  compounds  tested.  The 
ant iar rhythmic  activity  of  these  compounds  and  their  effects  on  the 
maximum  stimulation  rate  and  contraction  of  isolated  guinea  pig  atria 
are  also  included  to  show  the  relationship  between  toxicity  and  these 
three  activities,  even  though  such  a  relationship  is  not  well  defined. 

(a)  Toxicity  and  ant iar rhythmic  activity.  l-n-Propyl-4-p-chloro- 
benzoylpiperazine  hydrochloride  (XXXVII),  the  only  compound  that  was 
found  to  have  the  property  to  terminate  the  arrhythmias  induced  by 
the  application  of  aconitine,  is  the  most  toxic  substance  with  a  LD50 
of  60.  The  other  compounds  that  have  a  higher  value  are  inactive. 
However,  procaine  amide  hydrochloride  which  has  a  LD50  of  270  is  an 
active  compound. 

(b)  Toxicity  and  maximum  stimulation  rate  depression.  Again,  the 
most  toxic  substance,  namely,  l-n-propyl-4-£-chlorobenzoylpiperazine 
hydrochloride  (XXXVII),  is  the  most  active  compound.  Other  compounds 
that  have  a  weaker  activity  are  less  toxic.  It  is  interesting  to  note, 
however,  that  although  l-isopentyl-4-benzoylpiperazine  hydrochloride 
(XLIX)  and  1-n -propyl -4 -p-aminobenzoylpiperazine  hydrochloride  (XLII) 
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The  toxicity  data  was  supplied  by  Frank  W.  Horner  Limited,  Montreal. 

The  figures  represent  the  average  per  cent  MSR  depression.  They  are  based  on  a  concentration  of  1:10,000 
the  piperazine  compounds  and  1:100,000  for  the  ethylenediamine  compounds. 

Atria  too  depressed  to  be  measured. 
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have  almost  the  same  toxicity,  only  the  former  compound  shows  any 
activity  in  depressing  the  maximum  stimulation  rate  of  isolated  atria. 

(c)  Toxicity  and  depressant  action  on  the  contraction  of  the 
atria.  With  the  exception  of  1 -isopentyl -4-p -met hoxybenzoylpiperazine 
hydrochloride  (LIV) ,  the  compounds  that  depress  the  contraction  of  the 
atria  are  much  less  toxic.  All  the  ethylenediamine  compounds  possess 
a  depressant  action  and  have  a  much  higher  LD^q. 

13.  Structure  and  Activity  Relationship  of  Procaine  Amide  (III) 

The  results  of  this  work  have  provided  additional  information  on 
the  structure  and  activity  relationship  of  procaine  amide.  It  has 
already  been  mentioned  that  the  para-amino  group  in  procaine  amide 
can  be  removed  or  replaced  by  the  hydroxybutyl ,  isopropyl  and  methoxy 
groups  without  loss  of  activity  (65).  The  fact  that  £-chloro-N-(2- 
diethylaminoethyl)benzamide  hydrochloride  (XXXIV)  also  possesses  some 
ant iar rhythmic  activity  suggests  that  chlorine  is  another  substituent 
that  can  replace  the  par a -amino  group.  This  appears  to  imply  that 
the  ring  substituents  at  the  para  position  of  the  benzene  ring  in 
procaine  amide  do  not  contribute  significantly  to  binding  with  the 
receptor . 

The  terminal  amino  nitrogen  in  procaine  amide,  however,  seems  to 
be  essential  for  activity  as  indicated  by  the  complete  loss  of  activity 
in  the  ethylenediamine  series  of  compounds.  In  this  series  of  procaine 
amide  analogues,  the  amino  nitrogen  is  replaced  by  an  amide  nitrogen 
which  cannot  be  protonated  at  physiological  pH.  If  the  inactivity  is 
due  to  the  inability  of  the  molecule  to  be  protonated,  then  it  is 
highly  possible  that  an  anionic  site  exists  in  the  receptor.  In  his 
studies  on  relationships  between  agonists,  antagonists  and  receptor 
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sites,  Belleau  (76)  proposed  that  there  were  two  major  binding  sites 
on  the  receptor  surface  for  noradrenaline  (LXX) ;  one  site  was  involved 
with  the  amine  function  in  its  protonated  form,  and  the  other  site  was 


involved  with  the  aromatic  moiety  of  the  molecule.  The  diagram  given 
below  shows  the  cation  of  noradrenaline  bound  on  the  anionic  site, 


adenine 


which  Belleau  (77)  later  suggested  to  be  a  phosphate  anion  of  adenosine 
triphosphate. 

The  piperazine  analogue  of  procaine  amide  (III),  namely,  l-ethyl-4- 
£-aminobenzoylpiperazine  hydrochloride  dihydrate  (LV) ,  was  found  to  have 
no  effect  on  the  effective  refractory  period  of  isolated  guinea  pig 
atria.  It  would  appear  at  first  that  certain  flexibility  must  be 
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maintained  in  the  procaine  amide  molecule,  if  activity  is  to  be  retained. 
However,  since  l-n-propyl-4-p-chlorobenzoylpiperazine  hydrochloride 
(XXXVII)  has  antiarrhythmic  activity  in  intact  animals,  it  would  seem 
more  reasonable  to  suggest  that  the  more  important  factor  here  is  the 
necessary  hydrophilic  and  lipophilic  balance  and  not  the  flexibility 
of  the  molecule. 


14,  Structure  and  Activity  Relationship  of  1 -n -Propyl -4 -jj-ch loro- 
benzoylpiperazine  Hydrochloride  (XXXVII) 

In  l-n-propyl-4-p-chlorobenzoylpiperazine  hydrochloride  (XXXVII) 
the  substituent  on  the  para  position  of  the  benzene  ring  appears  to 
have  a  great  deal  of  influence  on  activity.  The  antiarrhythmic  activity 
of  the  compound  disappears  or  is  greatly  reduced,  when  the  chlorine 
atom  is  removed  or  replaced  by  the  methoxy  or  amino  group. 

In  his  studies  of  the  antibacterial  activity  of  8-hydroxyquinoline 
derivatives,  Albert  (78)  found  that  the  iron  and  8-hydroxyquinoline -5- 
sulfonic  acid  complex  (LXXI)  had  the  same  stability  constant  as  the 
iron  and  8-hydroxyquinoline  complex  (LXXII) .  However,  unlike  8-hydroxy- 


(LXXI I 


quinoline  (LXXII),  8-hydroxyquinoline -5 -sulfonic  acid  (LXXI)  has  no 
antibacterial  activity.  He  attributed  the  inactivity  of  this  compound 
to  the  fact  that  the  sulfonyl  group  has  lowered  the  lipid/water 
partition  coefficient,  thus  rendering  the  complex  incapable  of  entering 
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the  bacterial  cell.  A  similar  situation  may  exist  in  the  analogues 
of  l-n-propyl-4-£-chlorobenzoylpiperazine  hydrochloride  (XXXVII).  In 
general,  nitrogen  and  particularly  oxygen  atoms  increase  the  hydrophilic 
properties  in  the  original  molecule,  whereas  methyl  or  halogen 
substituents,  or  the  lengthening  of  an  aliphatic  side  chain  produce  the 
opposite  effect,  i.e.,  increasing  the  lipophilic  properties  (79).  On 
this  basis,  the  chloro-substituted  compounds  would  have  a  greater  lipid/ 
water  partition  coefficient  than  the  compounds  with  the  amino  and 
methoxy  substituents.  It  is  possible  that  only  l-n-propyl-4-£-chloro- 
benzoylpiperazine  hydrochloride  (XXXVII)  has  the  optimal  lipid/water 
partition  coefficient  to  enable  it  to  enter  from  the  aqueous  phase  (the 
body  fluid)  to  the  biophase  to  bind  to  the  receptor. 

Replacement  of  the  n-propyl  group  by  an  isobutyl  group  in  1-n- 
propyl -4-£-chlorobenzoylpiperazine  hydrochloride  (XXXVII)  destroys  all 
the  ant iar rhythmic  activity.  Also,  substitutions  at  the  2-  and  6- 
positions  of  the  benzene  ring  in  this  compound  by  a  methyl  group  have 
an  unfavourable  influence  on  the  ant iar rhythmic  activity. 

15 .  Proposed  Receptor  for  Antiarrhythmic  Agents 

The  results  of  this  work  have  shown  that  the  tertiary  amine 
nitrogen  in  procaine  amide  cannot  be  changed  to  an  amide  nitrogen, 
thus  indicating  the  possibility  of  an  anionic  site  on  the  receptor 
surface.  This  view  is  supported  by  the  fact  that  such  a  tertiary  amine 
nitrogen  is  found  in  the  two  active  compounds  synthesized  in  this  work, 
namely,  £-chloro-N-(2-diethylaminoethyl)benzamide  hydrochloride  (XXXIV) 
and  l-n-propyl-4-p-chlorobenzoylpiperazine  hydrochloride  (XXXVII),  and 
all  the  antiarrhythmic  agents  mentioned  in  the  Introduction,  with  the 
single  exception  of  diphenylhydantoin  (IX).  These  agents  can  be 


■  ■  •  .  v.;  j '  1/  ' 

;  ’•  '  • 

.  ,  .  "  .  . 

.•  ‘  .'  -  . 

.  .  •  : 

.  ,  .;  .  ■  ....  .  '  i.  ;  ’  ■  it 

■  1 ...  .  ■  • .  :  r.  .'  :  ju:  :  .  ■.  //:! 

'  '*  .  "( *■  r  Jr."  1'  ;  '  ■■  .,  .  ■  • 

•  .  ••  .  .• 

"  ■/*, -i  V.  ’  v  ■  .  j "  "rk  "■ '  q 

.•  '  :  v  :y  .  .  •  V  J\  •  ’  ,  ; 

•  •  /•,  •  -  -  ■ 1  '  v  ;  <;■  '  -j'Ofl. 

.r  .  ■■  ■  :  ■  '.V. 

.  ...  •  ..  ..  •"  :  ’  1  V  '  ‘  ■  '■ 

•*.:  hi  YlU' 

'  .  ■  ■  .  •  •" 

• 

W  ill  .  '  ' 

•  7  ' .1  :.  .:  .  ..  .  :  .  ■  ....  ■  I 

.  '  ’ .  .  ..  ;  .  . 

'  .  ,  .  ‘ 


63 


protonated  at  physiological  pH  and  therefore  can  bind  to  the  anionic 

•k 

site  on  the  receptor  by  ionic  bonding  . 

Another  surface  feature  that  can  be  present  on  the  receptor  is 
a  flat  area  which  allows  binding  with  the  area  of  aromaticity 
provided  by  the  aromatic  ring  of  the  ant iar rhythmic  agents  through 
electrostatic  or  van  der  Waals1  type  forces.  Such  an  area  of 
aromaticity  is  found  in  all  antiarrhythmic  agents. 

In  order  to  establish  the  relative  position  of  the  anionic  site 
to  the  flat  area  on  the  receptor  surface,  a  Fisher -Hirschf elder -Taylor 
molecular  model  was  prepared  for  £-chloro-N-(2-diethylaminoethyl) - 
benzamide  (XXXIV),  l-n-propyl-4-£-chlorobenzoylpiperazine  hydrochloride 
(XXXVII)  and  all  the  antiarrhythmic  agents  listed  in  the  Introduction. 
Some  of  these  models  are  illustrated  in  Figure  4.  It  was  found  that 
despite  the  difference  in  the  chemical  structures,  all  these  compounds 
can  adopt  a  common  orientation  in  which  the  tertiary  amine  nitrogen  is 
approximately  4, 5-5,0  A  away  from  the  centre  and  3, 0-3. 5  ^  above  the 
plane  of  the  area  of  aromaticity.  The  configuration  considered  here 
may  not  be  the  most  stable,  but  one  which  could  occur  on  the  active 
sites  of  the  receptor.  Thus,  the  proposed  receptor  for  antiarrhythmic 
agents  can  be  represented  diagrammatically  as  follows; 

anionic  site 

flat  area 


*The  pK&value  of  quinidine  is  8.54  (80);  xylocaine,  7.9  (81);  chloro- 
quine,  8.05  (82);  p-chloro-N-(2-diethylaminoethyl)benzamide ,  7.30  and 
l-n-propyl-4-£-chlorobenzoylpiperazine ,  7.06. 
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Figure  4.  Fisher-Hirschf elder -Taylor  molecular  models  of  some 
ant iar rhythmic  agents.  The  circle  indicates  the  position  of  the 
tertiary  amine  nitrogen  and  the  striped  rectangle,  the  area  of 
aromaticity. 
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It  is  postulated  that,  in  antazoline  (VI),  it  is  the  nitrogen  of 
the  secondary  amine  and  not  the  nitrogen  of  the  tertiary  aromatic 
amine  that  binds  to  the  anionic  site.  Under  this  condition  the 
molecule  is  able  to  have  the  right  orientation  for  binding  to  the 
receptor . 

A  drawback  of  this  proposed  receptor  is  that  it  cannot  explain 
why  diphenylhydantoin  (IX)  has  ant iar rhythmic  activity,  while 
apparently  it  can  only  bind  to  the  flat  area  and  not  to  the  anionic 
site  of  the  proposed  receptor  due  to  its  lack  of  a  basic  nitrogen.  It 
is  possible  that  diphenylhydantoin  (IX)  exerts  its  ant iar rhythmic  action 
through  a  different  mechanism. 

16.  Synthetic  Considerations 

The  compounds  synthesized  in  this  work  can  be  divided  into  four 
main  types . 

(1)  Piperazine  derivatives. 

(2)  Ethylenediamine  derivatives. 

(3)  N,N-[Bis-2(j)-substituted  benzamido) ethyl ] alkylamines . 

(4)  para-Substituted  N-(2“diethylaminoethyl)benzamides . 

Since  the  syntheses  of  the  piperazine  and  ethylenediamine 

derivatives  are  similar,  these  two  series  of  compounds  are  discussed 
together . 

A.  The  piperazine  and  ethylenediamine  derivatives.  The  syntheses 
of  these  compounds  consist  of  two  to  three  steps. 

(1)  Preparation  of  1-alkylpiperazines  or  N-alkylethylenediamines . 

(2)  Formation  of  the  amide  linkage  -  Benzoylation. 

(3)  Reduction  of  the  nitro  group. 
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As  an  example,  the  synthesis  of  l-ethyl-4-p-aminobenzoylpiperazine 
(LV)  is  given  below. 


2.8 


/ 

H-N 

V 


+ 


1 


CH3CH2Br 


J  H- 


/~A 


CH3CH3 


,  NaOH 


* 


0 

C-N 


-CH2CH3 


(a)  Preparation  of  1-alkylpiperazines .  The  two  equally  basic 
nitrogens  in  the  piperazine  molecule  pose  a  problem  in  the  preparation 
of  its  monoalkylated  derivatives.  The  direct  alkylation  of  piperazine 
produces  a  mixture  of  substitution  products  from  which  the  isolation 
of  monosubstituted  compounds  is  difficult  and  at  times  impossible. 

The  more  common  method  to  prepare  a  monoalkylated  piperazine  is  to 
introduce  a  protecting  group  on  one  nitrogen  atom  of  the  piperazine 
ring  which  is  removed  following  the  introduction  of  the  desired 
alkyl  radical.  Some  of  the  protecting  groups  that  have  been  used  are 
the  carbethoxy  (83,84),  the  acetyl  (85)  and  the  benzyl  (86)  groups. 


*.  :  i'  -  \ : 


-  £\  i~  X  ■■  ‘  ••  '  -•  '  ‘  1  .  .  '  TtX'9  .««  •'!».  & 


' 


„  :  .■  :  x  :■  ■  ’  ...  '  .j  -.; ,  .. 

,  ; 


. 

...  . 

,  .  i  ■ 


67 


A  method  of  preparing  monosubs tituted  piperazines  without  the 
use  of  any  protecting  group  has  been  reported  by  Kitchen  and  Pollard 
(87).  They  synthesized  a  series  of  monopiperazine  alcohols  by  the 
alkylation  of  piperazine  with  alkene  oxides.  In  every  instance  some 
disubstituted  product  was  obtained.  However,  in  general,  it  appeared 
that  the  amount  of  disubstituted  piperazine  formed  could  be  minimized 
by  the  presence  of  excess  of  piperazine.  These  workers  reported  that 
in  the  reaction  of  1  mole  of  ethylene  oxide  with  2.8  moles  of 
piperazine  an  eighty-six  per  cent  yield  of  monosubstituted  piperazine 
was  obtained. 

In  this  investigation  the  1-alkylpiperazines  were  synthesized 
by  the  modified  procedure  of  Kitchen  and  Pollard  (87),  i.e.,  using 
2.8  parts  of  anhydrous  piperazine  to  react  with  1  part  of  an  alkyl 
bromide.  The  yields  and  boiling  points  of  these  1-alkylpiperazines 
are  summarized  in  Table  XI;  the  reported  literature  values  are 
included  for  comparison  purposes.  The  identity  of  1-isopentyl- 
piperazine  was  confirmed  by  conversion  to  its  amide  derivatives, 
namely,  1 -isopentyl -4-benzoylpiperazine  hydrochloride  (XLIX)  and 
1-isopentyl -4-p-methoxybenzoylpiperazine  hydrochloride  (LIV) . 

(b)  Preparation  of  N-alkylethylenediamines .  Like  the  N-mono- 
substituted  piperazines,  the  synthesis  of  N-monosubstituted  ethylene- 
diamines  also  have  met  with  various  difficulties.  Direct  alkylation 
of  ethylenediamine ,  on  the  basis  of  1:1  mole  ratio,  has  been  reported 
to  yield  only  the  bis -diquaternary  ammonium  salt  (92).  Many  indirect 
methods  of  controlled  monoalkylation  have  been  tried  and  reported  in 
the  literature  (93,94,95,96,97,98).  The  N-alkylethylenediamines 
were  synthesized  in  this  investigation  by  direct  alkylation  of  an 
excess  of  anhydrous  ethylenediamine  with  an  alkyl  bromide.  In  the 
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preparation  of  N-n-pentylethylenediamine ,  different  ratios  of  ethylene- 
diamine  and  n-pentyl  bromide  (2. 8:1, 4:1, 5:1)  were  used  to  determine  the 
effects  of  these  changes  in  concentration  on  the  yield.  Although  some 
disubstituted  products  were  probably  formed,  no  attempt  was  made  to 
isolate  them.  The  results  showed  that  the  two  higher  ratios,  namely, 

4;1  and  5:1,  gave  consistently  higher  yields.  However,  there  was  no 
significant  difference  in  the  yields  when  either  one  of  these  two 
ratios  was  used.  It  was  therefore  decided  to  use  the  4:1  ratio 
throughout  the  preparations  of  the  other  N-alkylethylenediamines .  The 
results  of  this  study  are  summarized  in  Table  XII. 

The  yields  and  boiling  points  of  the  N-alkylethylenediamines  are 
listed  in  Table  XIII  together  with  the  values  reported  in  the  literature. 
The  boiling  point  of  N-n-butylethylenediamine  did  not  agree  with  the 
value  reported,  but  the  melting  point  of  the  dihydrochloride  salt  of 
this  compound  did  agree  with  the  literature  value,  indicating  that 
the  product  obtained  in  the  experiment  was  indeed  N-n-butylethylene- 
diamine.  The  identity  of  N-isobutylethylenediamine  was  confirmed  by 
conversion  to  its  amide  derivative,  namely,  N,N* -dibenzoyl-N-isobutyl- 
ethylenediamine  (LXII). 

(c)  Formation  of  the  amide  linkage  in  1-alkylpiperazines  and 
N-alkylethylenediamines .  The  formation  of  the  amide  bond  in  the 
1-alkylpiperazines  and  the  N-alkylethylenediamines  was  accomplished 
by  benzoylation,  using  benzoyl,  anisoyl,  £-chlorobenzoyl ,  g-nitro- 
benzoyl  or  4-chloro-2 ,6-dimethylbenzoyl  chlorides.  With  the  exception 
of  4-chloro-2,6-dimethylbenzoyl  chloride  (LXXIII) ,  all  the  acyl 
chlorides  are  commercially  available.  4-Chloro-2,6-dimethylbenzoyl 
chloride  (LXXIII)  was  synthesized  in  four  steps,  starting  with  2,6-di- 
methylaniline  (LXXIV) .  The  first  step  was  chlorination  of  2,6-di- 
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methylaniline  (LXXIV)  to  yield  4-chloro-2 ,6-dimethylaniline  (LXXV) . 

The  second  step  was  to  convert  the  amino  group  in  4-chloro-2 ,6-dimethyl 
aniline  (LXXV)  to  a  nitrile  group  by  Sandmeyer's  reaction.  The 
resulting  compound  was  4-chloro-2,6-dimethylbenzonitrile  (LXXVI) .  In 
the  third  step,  4-chloro-2,6-dimethylbenzonitrile  (LXXVI)  was  submitted 
to  acidic  hydrolysis,  yielding  4-chloro-2 ,6-dimethylbenzoic  acid 
(LXXVII) .  The  last  step  was  the  reaction  of  the  acid  (LXXVII)  with 
thionyl  chloride  to  give  the  desired  compound,  4-chloro-2 ,6-dimethyl- 
benzoyl  chloride  (LXXIII) .  The  full  course  of  the  synthesis  can  be 
represented  by  the  following  scheme. 


(LXXVII) 


(LXXIII) 
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The  physical  and  analytical  data  of  the  l-alkyl-4-benzoyl- ,  1-alkyl 
4-p-substituted  benzoylpiperazine  hydrochlorides  are  listed  in  Table 
XIV,  and  those  of  the  N,N* -dibenzoyl-  and  N,N' -di(p-substituted  benzoyl) 
N-alkylethylenediamines  in  Table  XV.  The  physical  and  analytical  data 
of  1 -n-propyl -4- (4 -chloro-2 ,6 -dime thy lbenzoyl) piperazine  hydrochloride 
(XLIV)  are  included  in  the  Experimental. 

The  hydrochlorides  of  the  piperazine  derivatives  were  prepared 
directly  by  reacting  the  1-alkylpiperazines  with  the  acyl  chlorides  in 
dry  benzene  at  0-10°.  The  HC1  that  was  liberated  in  the  course  of  the 
reaction  combined  with  the  product,  resulting  in  the  formation  of  the 
hydrochloride  salts.  The  hydrochloride  salt,  due  to  its  high 
solubility  in  water,  was  an  appropriate  derivative  for  pharmacological 
testing.  For  this  reason,  no  attempt  was  made  to  isolate  the  pure 
bases.  This  same  procedure,  however,  was  not  suitable  for  the 
preparation  of  the  N,N* -dibenzoyl-  and  N,N' -di(p-substituted  benzoyl) - 
N-alkylethylenediamines  because  of  the  formation  of  the  N-alkylethylene- 
diamine  dihydrochloride  as  a  secondary  product.  In  preparing  N,N'- 
dibenzoyl-N-n-pentylethylenediamine ,  a  sixty  per  cent  yield  of  N -re¬ 
pent  yle  thy  lenediamine  dihydrochloride  was  obtained.  For  this  reason, 
the  Schot ten -Baumann  reaction  was  used  to  synthesize  the  N,N' -dibenzoyl - 
and  N,N* -di(p-substituted  benzoyl) -N-alkylethylenediamines .  Ten  per 
cent  aqueous  solution  of  sodium  hydroxide  was  used  in  the  reaction  to 
neutralize  the  HC1  liberated. 

(d)  Reduction  of  1 -alkyl -4-p-nitrobenzoylpiperazines  and  N,N(- 
di(jD-nitrobenzoyl) -N-alkylethylenediamines .  The  1 -alkyl -4-p-nitro- 
benzoylpiperazines  and  N,N* -di(p-nitrobenzoyl) -N-alkylethylenediamines 
were  reduced  to  their  corresponding  amino  compounds  by  the  use  of  iron 
and  hydrochloric  acid.  In  these  reduction  reactions  much  less  hydro- 


■  .  '  .  5  ■.  •  a if  ■ 

■ 

■  •  ‘  V  V.  '  .  ■  '  .  ..  <j  -  - 

•  ::  .•  o'  ■■  ■■  ;  Sir*  :  =  ..  -  '  ■  v-  .*?«'.\* , '  :  > 

■■  >■  ■  •.  ’  ;  ■>  ■  ■  ■  •*  '  •  v  :  •  V.  ,,  :  '  ■; 

.  ■-  '  ■  '  '  ■  .  ■ 

.  l>’  ::*>  mu  i'  ::<■>  ■  »  1  •  v;i.  }  -  abu  I :  >>  > \ "  ,  ‘/TJX  i 

:  ■  ■  ■ '  .  v  :  ;i  •' 

;  -  3.  ■  .  -  -  i  ‘  9 

Ji '  t  ••  ■  •  ■  ;  .  •  ■  ■-  ■  .  - 

'  i  ' '  :  '  ..  '  .■  •  •• 

tffe*.  -  o.l  f)  '  z  I  si  nil!  '  iixsa*  abJfc'TOItfaoibvii 

■  :  v;  .  ...  *  ,  •:  ■ 

-  •  •  '  -  '  i  :  >V  *  /  •  '  ;V  :  v  . 

■9ti3  Wa  slcffiJ 

.  '  .  :  .  r  •  .  :  n-  .  1  Jr "*•  l:  -v, 

'  :  ' 

.  ,  .  •  ’ 

■■ 

‘  :  •  ■  .  .  •  ■ 

i'j  ■  >  •  ■ ;  ■  .  .  •  • ' 

'  .  •  •  ‘ ' 

-  ...  -!J  r  ....  ,  ■  ■  .  i  .  ■  ■  •  ■  .■  :  .•  . 

.  ■  .  %.■:  ■  . 

.•  ' 

'  < 

< 

:  '■  sriox.' 

•  -  '  •  ■•  ••  to.  i>  •  .  l I 


74 


X 

03 

CO 

CO 

O 

pH 

CO 

O 

pH 

CM 

st 

p 

uo 

p 

o 

JC 

oo 

nO 

o 

00 

st 

pH 

ON 

O 

St 

uo 

CO 

CM 

X 

pH 

s) 

c 0 

O 

o 

O 

pH 

o 

o 

o 

ON 

O 

ON 

ON 

O 

O 

CJ 

pH 

pH 

rH 

pH 4 

r— 1 

pH 

1—4 

• 

o3 

o 

t— 4 

CM 

CM 

00 

O 

pH 

ON 

NO 

p 

oo 

O 

(C 

<1- 

st 

in 

St 

00 

p. 

CM 

pH 

st 

NO 

o 

o 

SC 

pH 

S3 

cd 

o 

p» 

p- 

p* 

p- 

p 

00 

00 

00 

00 

p 

p 

CJ 

• 

X 

nd 

O 

O 

ON 

st 

in 

O 

o 

CO 

st 

00 

NO 

rH 

f>2 

o 

C 

p» 

O 

CM 

CO 

in 

nO 

p. 

in 

p 

p 

NO 

p 

CJ 

1— < 

S3 

cd 

O 

uo 

nO 

pH 

pH 

CM 

CM 

C0 

CO 

st 

st 

p 

p 

CJ 

uo 

m 

nO 

nO 

NO 

vO 

NO 

NO 

NO 

NO 

uo 

uo 

03 

i-l 

<u 

•rl 

>• 


St  00  UO 

ON  St  On 


00  CO 

00  00 


St 

00 


• 

• 

• 

• 

. 

o 

o 

o 

o 

CJ 

0) 

0) 

a> 

CJ 

• 

CJ 

• 

X 

X 

03 

03 

o 

03 

a.  cj 

1 

1 

i 

1 

CJ 

1 

•  o 

uo  o 

O  uo 

O  oo 

O  ON 

4J 

03 

CM  CO 

•  • 

•  • 

•  • 

•  • 

S3 

•  • 

p  oo 

CO  <± 

St  St 

O 

P 

UO  NO 

st  st 

St  St 

pH  pH 

CM  CM 

X 

St 

CO  CO 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

cd 

CM 

CM  CM 

r—4 

CJ 

pH 

pH 

pH 

pH 

pH 

cj 

cd 

CM 

CJ 

CJ 

cj 

CJ 

CM 

r— 1 

o 

o 

o 

o 

o 

o 

S3 

CM 

CM 

CM 

CM 

CM 

CM 

6 

X 

X 

X 

X 

X 

X 

u 

ON 

ON 

pH 

CO 

UO 

ON 

o 

pH 

pH 

CM 

CO 

CM 

pH 

pH 

S3 

sd 

sd 

sd 

sd 

sd 

CM 

CO 

St 

uo 

NO 

C0 

pH 

pH 

pH 

pH 

pH 

pH 

CJ 

CJ 

cj 

CJ 

cj 

CJ 

X 


Pi 


o 

CM 

Sd 

CO 

X 

cj 


sc 

I 


CO 

sc 

o 

CM 

sc 

cj 

I 


sc 

I 


CO 

sc 

cj 

CM 

sc 

CJ 

CM 

sc 

cj 

I 


sc 


CO 

sc 

cj 

CM 

sc 

cj 

CM 

sc 

cj 

CM 

sc 

cj 


sc 

I 


CM 

/““S 

CO 

sc 

CJ 

sc 

cj 

CM 

sc 

CJ 

CM 

sc 

CJ 

I 


sc 

I 


CO 

sc 

CJ 


CO 

sc 

CJ 

o 

I 


S3 

O  • 

M 

w 

H 

M 

M 

X 

a*  o 

> 

> 

> 

i — i 

S  525 
o 

CJ 

hJ 

X 

$  S 

(3 

' 


... 


■ 


. 


• 

■ 

. 

■■ 

• 

,  '•  C. >  ..  . 

.  v-  .  . 


. 


■  ■ 


. 


TABLE  XIV  -  Continued 


75 


fa  no 

<f  o 

00  CM 

oo  in 

nO  O 

1 — ■  nO 

On  00 

<f  o 

CO  CM 

nO  On 

R^ 

O  CO 

00  O 

CO  nO 

CO  CM 

On  O 

in  no 

no  m 

CM  «sl- 

CO  on 

xt  CM 

S3 

r-4  0 

cd  o 

on  O 

On  On 

on  on 

00  On 

00  00 

On  On 

On  On 

00  00 

00  00 

fa  Cn 

H 

no  no 

CO  O 

nO  i-l 

no  On 

nO  00 

CO  00 

rx  rx 

in  O 

On  On 

O  r-4 

R-S 

O  CO 

<t  <1- 

rx  rx 

r-.  v£> 

O  On 

CO  CO 

CM  CM 

nO  rx 

On  O 

CO  xj 

S3 

i-t  3 

cd  o 
fa  Pn 

r-.  rx 

rx  rx 

rx  r-x 

00  r-x 

00  00 

VO  nO 

nO  nO 

nO  rx 

rx  rx 

no  no 

<T  O 

on  on 

On  no 

C0  CO 

nO  CO 

On  nO 

in  m 

00  O 

r— <  rx 

R^ 

o  d 

o  o 

CM  H 

CM  <f 

m 

On  O 

<r  co 

rx  oo 

O  O 

fa 

<  o) 

cd  o 

on  On 

o  o 

d  O 

i— 4  i— 4 

CM  CM 

CO  x± 

m  m 

nO  nO 

oo  oo 

fa  En 

m  m 

nO  nO 

nO  nO 

nO  no 

nO  nO 

m  m 

uo  m 

in  m 

in  m 

no 

r— 1 

<0  R'S 

CO 

sf 

CO 

On 

nO 

CM 

co 

•r4 

on 

00 

On 

On 

00 

rx 

On 

on 

On 

>* 

• 

• 

• 

• 

o 

o 

O 

O 

o 

O 

o 

o 

<u 

0) 

<u 

d) 

0) 

<0 

CD 

0) 

• 

no 

no 

no 

X) 

no 

no 

fa 

fa 

CL.  o 

i 

i 

i 

i 

i 

1 

i 

•  o 

m 

o  o 

<t  *0 

O  O 

O  00 

o  o 

o  o 

O  no 

nO  O 

X 

i  • 

O  CM 

00  O 

00  on 

CM  CO 

i— 4  r-~4 

O  CO 

on  O 

O  »— 4 

co  m 

On  on 

r-4  CM 

CO  CO 

On  on 

CM  CM 

<J-  in 

CM  CM 

r-H 

CM  CM 

CM  CM 

r—l  r— 4 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

1—4 

t—H 

T— 1 

H 

H 

CM 

CM 

CM 

CM 

fa 

fa 

O 

fa 

fa 

1— 4 

f— 4 

T— 1 

i—4 

cd 

CM 

CM 

CM 

CM 

CM 

fa 

fa 

fa 

fa 

i— ( 

o 

O 

o 

O 

o 

o 

O 

O 

o 

2 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

6 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

n 

H 

CO 

CO 

m 

rx 

00 

O 

CM 

o 

CM 

CM 

CM 

CM 

CM 

r— 4 

CM 

CM 

CM 

fa 

fa 

DO 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

m 

m 

no 

rx 

CO 

in 

no 

i— 4 

i— 1 

H 

r— 4 

f— 1 

i— 1 

f—l 

«-i 

»— 1 

fa 

u 

o 

fa 

fa 

fa 

fa 

fa 

fa 

CO 

CM 

fa 

/^S 

fa 

CO 

co 

CM 

fa 

fa 

CM 

fa 

o 

fa 

/*\ 

fa 

CO 

CM 

'w' 

CO 

CO 

CM 

•• 

fa 

CM 

fa 

fa 

fa 

fa 

fa 

fa 

o 

/~N 

fa 

fa 

fa 

fa 

fa 

CM 

CO 

CM 

CM 

CO 

CM 

Vw' 

CM 

DO 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

O 

o 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

CM 

CM 

n-' 

CM 

CM 

CM 

CM 

CM 

CM 

DO 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

O 

i 

fa 

fa 

l 

fa 

fa 

1 

fa 

1 

fa 

1 

fa 

1 

fa 

CO 

CO 

CO 

CO 

CO 

DO 

fa 

fa 

fa 

fa 

fa 

o 

u 

fa 

fa 

1— 4 

r-4 

i— 4 

1—1 

fa 

O 

i 

o 

1 

o 

1 

O 

i 

O 

i 

fa 

1 

fa 

i 

fa 

i 

fa 

no 

M 

d 

w 

H 

d 

H 

H 

M 

X 

o  • 

w 

> 

H 

CL.  o 

w 

w 

w 

> 

e  S3 

M 

fa 

M 

H 

w 

J>q 

o 

hJ 

Xi 

fa 

fa 

fa 

o 

r,Q  t 

./  . 

1 

■ 

y  * 

■ 

••  :> 

.  s.  ....  ''  ;.,i 

..... 

- 

'v  J  ■■  .  n 

■■  :•  ■  • 

•  '  * 

S 

■ 

:  •;>  •  : 

.  :. 

■  : 

. 

"  ? 

■ . 

■  tt> 

■  rp 

-  ■“  * 

■ 

- 

4 

...  r 

■ 

*  :  ■  O 

’ 

r  :o  K 

■ 

1  1  •. 

- 

- 

;  .  , 

• 

■ 

' 

..V  , 

• 

■  i 

> 

TABLE  XIV  -  Continued 


76 


• 

X) 

<N  ON 

ON  oo 

i—l  nO 

<±  CO 

<|-  m 

<t  o 

O 

c 

o  <1- 

co  <r 

O  00 

oo  oo 

on 

r—4  i—4 

!3  r-l 

d 

cd 

o 

<f  <1- 

co  co 

00  r"- 

m  m 

co  co 

CO  CO 

cj 

lx, 

i— 4  r—4 

r—4  i—4 

i—4  i—4 

r—4  i— A 

7—4  r—4 

r—4  i—4 

Td 

x> 

m  O 

CO  1-1 

r-l  ON 

<t  <f 

r-l  CO 

o  <1- 

8*8  O 

C 

O  T— 4 

Mt 

CM  r-l 

i^-  r^. 

on 

CM  CM 

Cd  r-4 

d 

cd 

o 

nO  nO 

nO  nO 

00  00 

00  00 

r-«  r". 

00  00 

cj 

Pm 

nd 

TP 

On  t— 1 

ON  <t 

CM  r-l 

no  CM 

NO  r-l 

P'.  nO 

^5  a 

$d 

o  <i- 

m  m 

ON  ON 

CO  CM 

o  o 

m  <r 

O  .-I 

d 

cd 

o 

CM  CM 

co  co 

NO  NO 

CO  CO 

r—4  r—4 

CM  CM 

cj 

Pm 

m  m 

m  m 

NO  NO 

NO  NO 

m  m 

in  in 

TP 

T— 1 

a) 

S-2 

On 

NO 

rH 

m 

NO 

•H 

ON 

m 

00 

>* 

o 

• 

a> 

• 

o 

X> 

a  cj 

a> 

i 

1 

1 

• 

O 

-u  xt 

cm  in 

<h  i—4 

CM  o 

co 

<v 

£ 

d 

•  • 

•  • 

•  « 

B 

> 

o  cr> 

O 

r^.  oo 

NO  CM 

cd  O 

o  o 

jo  oo 

oo 

co  co 

ON  o 

o  oo 

rO  O 

cd  CM 

CM  CM 

i—4  i— 4 

r—4 

M-l  r-l 

cd  co 

r—4 

i—4 

i—4 

i—4 

o 

cj 

CJ 

CJ 

cd 

co 

CO 

CM 

co 

CO 

r— 1 

O 

o 

o 

o 

O 

o 

d 

co 

co 

CO 

co 

co 

CO 

B 

!S 

25 

Sd 

Cd 

S 

s 

u 

00 

O 

ON 

CO 

NO 

o 

i—4 

CM 

T— 1 

CM 

CM 

CM 

Pm 

cd 

Pd 

Pd 

Pd 

Pd 

Pd 

co 

CO 

CO 

r—4 

i—4 

i— 4 

i—4 

r—4 

r—4 

cj 

cj 

CJ 

o 

CJ 

o 

* 

o 

o 

CM 

CM 

Pd 

Pd 

o 

CM 

• 

CM 

• 

CO 

CO 

Pd 

CO 

«- 

cd 

Pd 

CM 

Pd 

Pi 

cj 

* 

CJ 

• 

CJ 

CO 

CM 

CO 

CM 

CO 

CM 

cc 

cd 

Pd 

Pd 

Pd 

Pd 

cj 

cj 

CJ 

CJ 

CJ 

o 

CM 

CM 

CM 

CM 

CM 

CM 

cd 

Pd 

cd 

Pd 

Pd 

Pd 

cj 

CJ 

i 

CJ 

i 

CJ 

i 

CJ 

CJ 

i 

CM 

CM 

CM 

CM 

CM 

CM 

o 

O 

jT| 

[Xj 

Pi 

s 

23 

i 

i 

1 

• 

j~rj 

i 

T) 

a 

d 

o 

• 

M 

g. 

O 

M 

s 

SS3 

1 

1 

i 

1 

> 

1  o 

1 

i 

i 

1 

CJ 

<D 

CO 

cd 

rO 

<D 

0) 

U 

Pm 


O  -  v* 

...  •  - 

■ 

: 

: 

77 


03 

03 

ON 

CM 

CM 

00 

NO 

o 

r—4 

i—4 

ON 

in 

CM 

ON 

<3-2 

O 

(3 

ON 

1— 1 

n 

UO 

1—4 

00 

r>. 

CO 

CO 

r—4 

o 

15 

T~i 

0 

id 

O 

CO 

<!■ 

CO 

CO 

NO 

NO 

uo 

in 

r-x 

r-x 

r-x 

O 

piu 

r—4 

r—4 

T— 4 

1—4 

r—4 

r—4 

r— 4 

• 

03 

03 

nO 

uo 

ON 

r—4 

t— 1 

o 

i— 4 

CM 

oo 

oo 

5-2 

O 

e 

o 

00 

CO 

NO 

r-l 

r—4 

<r 

CO 

<1- 

NO 

NO 

HI 

?— 1 

3> 

id 

o 

UO 

<t 

LO 

uo 

i-* 

i— «• 

i-x 

i-x 

uo 

uo 

uo 

n 

CJ 

03 

03 

On 

uo 

NO 

in 

CO 

o 

|-x 

uo 

NO 

00 

r-x 

f-x 

5-2 

o 

e 

ON 

CM 

ON 

ON 

o 

uo 

ON 

i—4 

r-4 

O 

ON 

O 

1—4 

id 

o 

nO 

r-* 

r-» 

r-. 

o 

o 

r—4 

O 

cj 

Pn 

LO 

in 

uo 

UO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

03 

T— 4 

a) 

5-2 

1—4 

CO 

NO 

CM 

•H 

nO 

00 

r-x 

ON 

NO 

NO 

a  cj 

1 

1 

i 

1 

1 

• 

O 

O 

uo 

o 

ON 

O 

O 

O 

NO 

CM 

ON 

00 

UO 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

o 

o 

oo 

00 

ON 

CM 

NO 

NO 

<t 

r—4 

CM 

ON 

ON 

i-x 

r-'. 

00 

ON 

U0 

uo 

oo 

00 

r—4 

r—4 

T— 4 

r— 1 

r— 1 

r—4 

r—4 

T— 4 

r-4 

t—4 

r-4 

r—4 

CM  CM 


id 

NO 

NO 

CM 

CM 

o 

CM 

o 

CM 

r—l 

o 

o 

o 

o 

o 

o 

c 

<1- 

CM 

CM 

6 

55 

!5 

55 

Hi 

55 

55 

u 

O 

CM 

<!■ 

NO 

O 

CM 

o 

CM 

CM 

CM 

CM 

CM 

CM 

fa 

PC 

33 

PC 

PC 

PC 

PC 

ON 

O 

ON 

o 

ON 

o 

r—4 

CM 

T— 4 

CM 

T— 4 

CM 

o 

O 

o 

o 

o 

o 

CO 


CM 

CM 

PC 

\ 

/**N 

o 

CO 

CO 

CO 

CO 

CM 

PC 

PC 

PC 

PC 

CM 

PC 

o 

o 

o 

o 

/~N 

CJ 

CM 

N/ 

CM 

'w' 

CO 

CM 

PC 

PC 

PC 

533 

PC 

PC 

u 

o 

o 

CJ 

cj 

CJ> 

CM 

CM 

CM 

CM 

N-^ 

CM 

PC 

PC 

PC 

PC 

PC 

PC 

cj 

o 

o 

o 

cj 

CJ 

I  I  I  I  I  I 


PfiS 


u 

I 


CJ 

I 


a 

o  • 
a.  o 
6  Z 
o 
o 


■ 


•  ’  . 


J 


78 


rd 

® 

d 

d 


d 


o 

o 


s 


a 

(d 

a 


X)  d 

VO  r"H 

Os  f''. 

<t  m 

n.  oo 

g 

o  d 

rH  d 

m  <t 

CM  Mt 

vO  lO 

cm  in 

d  O 

O  Pm 

r^.  r'- 

r*. 

oo  oo 

00  00 

d  d 

00  00 

<J-  r-* 

vD  O 

<t  Os 

o  d 

O  i-H 

CO  CO 

<r  m 

t"-  <t 

d 

r-H  d 

«  « 

d  o 

O  Pm 

r-.  r>- 

n*  r"- 

r-» 

n>.  r>. 

d  d 

oo  on 

co  <r 

<f  00 

CM  vo 

*8 

o  d 

O  *-H 

r>.  p". 

O  lO 

in  cm 

u 

r-l  d 

d  o 

oo  oo 

oo  oo 

<f  CO 

O  Em 

iO  vO 

\D  sQ 

f"»  r>- 

p-  r-» 

d 

H 

OJ  S-S 

r*- 

i**l 

CM 

r>. 

•H 

CO 

Os 

-d" 

EH 

0-  U 

I 

1 

i 

•  o 

S3 

Os  O 

<f  o 

lO  sO 

O  O 

in  r- 

OS  o 

<t  in 

m  so 

CM  CM 

O 

O  O 

H  H 

r-4  pH 

rH  rH 

t— 1  rH 

d 

CM 

CM 

i~4 

o 

o 

o 

O 

d 

CM 

CM 

CM 

CM 

S 

d 

d 

d 

d 

M 

so 

00 

lO 

O 

CM 

CM 

CM 

CM 

Em 

d 

Ed 

d 

d 

r*H 

CM 

o 

pH 

CM 

CM 

CM 

CM 

o 

O 

o 

U 

co 

d 

o 

co 

CM 

Ed 

CM 

d 

u 

o 

C0 

CM 

CO 

CM 

•» 

EX! 

Ed 

d 

d 

d 

O 

o 

CJ 

Q 

CM 

CM 

CM 

Ed 

Ed 

d 

d 

a 

u 

o 

o 

CM 

CM 

CM 

CM 

Ed 

d 

d 

d 

u 

1 

u 

i 

o 

o 

i 

CO 

CO 

Ed 

d 

a 

o 

pcs 

o 

t 

o 

I 

d 

i 

d 

i 

d 

d 

d 

M 

o  • 

w 

M 

a  o 

M 

M 

f-i 

S  d 

X 

X 

X 

o 

d 

d 

d 

d 

o 

•  -  ;  ■ 

• 

* 

* 

l 

79 


chloric  acid  than  calculated  was  used.  This  is  due  to  the  fact  that 
the  chlorides  of  iron  formed  in  the  reaction  are  largely  hydrolyzed 
to  hydroxides  and  hydrogen  chloride  which  attacks  a  fresh  quantity 
of  iron  (101).  The  physical  and  analytical  data  of  the  amino 
derivatives  are  listed  in  Table  XIV  (1-alkyl -4-p-aminobenzoylpiperazines 
and  the  hydrochlorides)  and  in  Table  XV  (N,N' -di(£-aminobenzoyl) -N- 
alkylethylenediamines) . „ 

The  hydrochloride  salts  of  the  l-alkyl-4-£-aminobenzoylpiperazines 
synthesized  were  found  to  be  extremely  hygroscopic.  Repeated  elemental 
analyses  indicated  that  these  hydrochloride  salts  are  combined  with 
two  moles  of  water.  Prolonged  drying  at  elevated  temperature  in  the 
drying  pistol  did  not  appear  to  alter  the  analytical  results.  In 
addition,  the  hydrochloride  salts  did  not  have  a  sharp  melting  point. 
Similar  phenomena  were  found  in  related  compounds  such  as  1 -benzyl -4- 
£-aminobenzoylpiperazine  dihydrochloride  (LXXVIII)  and  1-benzhydryl- 
4-g-aminobenzoylpiperazine  dihydrochloride  (LXXIX) .  Both  of  these 
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compounds  contained  two  moles  of  water  and  had  melting  points  above 
250°  (102). 

At  first  no  attempt  was  made  to  isolate  the  free  bases  of  these 
compounds.  However,  since  it  was  not  possible  to  determine  the  melting 
points  of  the  hydrochlorides,  it  was  considered  desirable  to  obtain 
the  bases  for  melting  point  determinations.  The  bases  were  isolated  in 
crystalline  form  by  evaporation  of  the  chloroform  extracts  from  the 
reaction  mixture. 

B.  N,N-[Bis-2(]D-substituted  benzamido) ethyl] alkylamines .  This  series 
of  compounds,  whose  physical  and  analytical  data  are  listed  in  Table 
XVI,  was  synthesized  by  the  modified  procedure  of  Thyrum  and  Day  (68). 
The  synthesis  can  be  represented  by  the  following  equations,  using 
N,N-[bis-2(]3-methoxybenzamido)ethyl] -n -propylamine  (LXVI)  as  an  example. 
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N-p-methoxybenzoylethylenimine  (LXXX)  was  prepared  from  anisoyl 
chloride  (LXXXI)  and  ethylenimine  (LXXXXI)  by  Schotten-Baumann  reaction. 
Two  moles  of  N-p-methoxybenzoylethylenimine  (LXXX)  were  then  reacted 
with  one  mole  of  n-propylamine  (LXXXIII)  to  yield  N,N-[bis-2(£-methoxy- 
benzamido)ethyl] -n -propylamine  (LXVI) . 

Difficulties  were  encountered  in  reducing  the  nitro  groups  in 
N,N-[bis-2(p-nitrobenzamido)ethyl]ethylamine  (LXVIII)  and  N,N-[bis-2- 
(p-nitrobenzamido)ethyl] isobutylamine  (LXIX) .  Reduction  by  both  the 
catalytic  hydrogenation  over  platinum  and  the  Fe-HCl  method  was 
attempted  but  without  success.  In  each  instance,  a  gummy  residual  mass 
resulted,  from  which  the  base  could  not  be  isolated.  It  was  hoped  that 
solid  hydrochloride  salt  would  form  by  passing  dry  hydrogen  chloride 
gas  into  the  methanolic  solution  of  the  gummy  residual  mass.  However, 
an  oily  layer  was  separated  in  the  solution.  Prolonged  cooling  did 
not  solidify  the  oil. 

C.  par a -Substituted  N-(2-diethylaminoethyl)benzamides .  The  only 
par a -substituted  N-(2-diethylaminoethyl)benzamide  synthesized  was 
p-chloro-N-(2-diethylaminoethyl)benzamide  hydrochloride  (XXXIV) . 

The  free  base  (LXXXIV)  was  prepared  by  Schotten-Baumann  reaction 
in  which  p-diethylaminoethylamine  (LXXXV)  was  allowed  to  react  with 
p-chlorobenzoyl  chloride  (LXXXVI)  in  the  presence  of  ten  per  cent 
sodium  hydroxide  solution. 
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h2n-ch2ch2  -n-  (ch2ch3)  2 


(LXXXV) 


(LXXXVI) 


10%  NaOH 
- - - > 


0 

II 

C -NH-CH2CH2  -N-(CH2CH3)  2 


(LXXXIV) 

This  compound  (LXXXIV)  was  also  synthesized  by  reacting  N-p- 
chlorobenzoylethylenimine  (LXXXVII)  with  diethylamine  (LXXXVIII) 
in  acetone. 


Cl 


+  (ch3ch2)2nh 


(LXXXVII) 


(LXXXVIII) 


0 

II 

C-NH-CH2CH2-N-(CH2CH3)2 


(LXXXIV) 
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SUMMARY  AND  CONCLUSIONS 
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1.  In  the  procaine  amide  (III)  molecule  replacement  of  the  amino 
group  on  the  benzene  ring  by  a  chlorine  atom  lowers  the  anti- 
arrhythmic  activity.  However,  conversion  of  the  tertiary  amine 
nitrogen  to  an  amide  nitrogen  by  benzoylation  causes  complete 
loss  of  activity.  The  piperazine  analogue  of  procaine  amide, 
namely,  1 -ethyl -4-p-aminobenzoylpiperazine  hydrochloride 
dihydrate  (LV) ,  was  found  to  have  no  antiarrhythmic  activity. 

2.  The  procaine  amide  analogues  in  which  the  tertiary  amine  nitrogen 
is  converted  to  a  tertiary  amide  nitrogen  show  marked  depressant 
activity  on  the  force  and  rate  of  contraction  of  isolated  guinea 
pig  atria.  Those  piperazine  derivatives  that  have  a  chloro  or 
methoxy  substituent  on  the  benzene  ring  show  similar  effect. 

This  depressant  activity  does  not  appear  to  involve  the  autonomic 
nervous  system,  but  it  may  be  a  result  of  direct  depressant 
action  on  the  atrial  muscle. 

3.  Two  compounds,  namely,  £-chloro-N-(2-diethylaminoethyl)benzamide 
hydrochloride  (XXXIV)  and  l-n-propyl-4-g-chlorobenzoylpiperazine 
hydrochloride  (XXXVII),  were  found  to  have  antiarrhythmic 
activity  in  intact  animals.  £-Chloro-N>(2-diethylaminoethyl)~ 
benzamide  hydrochloride  (XXXIV)  is  less  potent  than  procaine 
amide  hydrochloride  (III).  However,  l-n-propyl-4-p-chlorobenzoyl- 
piperazine  hydrochloride  (XXXVII)  has  a  potency  similar  to  that  of 
procaine  amide  hydrochloride  (III). 

4.  The  piperazine  analogue  of  £-chloro-N-(2-diethylaminoethyl)benzamide 
(XXXIV),  namely,  l-ethyl-4-£-chlorobenzoylpiperazine  hydrochloride 
(XXXVI),  was  found  to  possess  no  antiarrhythmic  activity. 
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5,  In  l-n-propyl-4-£-chlorobenzoylpiperazine  hydrochloride  (XXXVII) 
replacement  of  the  chloro  substituent  on  the  benzene  ring  by  an 
amino  group,  or  the  n-propyl  group  by  an  isobutyl  group  abolishes 
the  activity. 

6.  A  receptor  for  ant iar rhythmic  agents  has  been  proposed  to 

consist  of  an  anionic  site  and  a  flat  area.  The  anionic  site  is 

o  o 

approximately  4. 5 -5.0  A  away  from  the  centre  and  3.0-3. 5  A  above 

the  plane  of  the  flat  area. 
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EXPERIMENTAL 


PART  I  --  CHEMICAL  SYNTHESIS 
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Diethylamine ,  ethylenediamine  and  n-butylamine  were  purchased 

from  the  Fisher  Scientific  Company,  Ethylenimine  and  N,N-diethyl- 

ethylenediamine  were  obtained  from  Matheson  Coleman  and  Bell.  All 

other  chemicals  used  in  this  study  are  the  products  of  Eastman 

Kodak  Company.  All  reagents  were  used  without  further  purification. 

o 

Melting  points  and  boiling  points  were  reported  as  C  and  are 
uncorrected.  The  melting  points  were  determined  by  using  a  Thomas 
Hoover  capillary  melting  point  apparatus. 

Elemental  analyses  were  performed  by  Weiler  and  Strauss  Micro- 
analytical  Laboratory,  Oxford,  England. 

Infrared  spectra  were  recorded  on  a  Beckman  model  IR-5A  spectro¬ 
photometer,  by  means  of  the  potassium  bromide  pellet  technique. 

1 .  General  Procedure  for  the  Synthesis  of  1-Alkylpiperazines 

Anhydrous  piperazine  (50.0  gm. ,  0.56  mole)  was  dissolved  in 
absolute  ethanol  (150  ml.).  To  this  solution  was  added  the  alkyl 
bromide  (0.20  mole).  The  reaction  mixture  was  refluxed  for  ten  to 
twelve  hours  and  then  neutralized  by  sodium  carbonate  (0.25  mole). 

The  ethanol  was  then  removed  by  distillation,  and  after  the  addition 
of  ice  cold  water  (ca.  300  ml.),  the  reaction  mixture  was  extracted 
with  chloroform  (1  x  100  ml.;  3  x  70  ml.).  The  combined  chloroform 
extracts  were  dried  over  anhydrous  sodium  sulfate  and  then  filtered. 
After  the  removal  of  the  solvent  by  distillation  in  vacuo,  the 
products  were  distilled  using  reduced  pressure.  The  1-alkylpiperazines 
were  purified  by  distillation. 
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The 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 
The 

in  Table 
values . 


following  compounds  were  prepared  by  this  procedure; 
1-Ethylpiperazine 
1-n-Propylpiperazine 
1-Isopropylpiperazine 
1 -n-Butylpiper az ine 
1-Isobutylpiperazine 
1 -n -Pent y lpiperaz ine 
1-Isopentylpiperazine 

yields  and  boiling  points  of  these  compounds  are  summarized 
XI  together  with  the  reported  literature  boiling  point 


2 .  General  Procedure  for  the  Synthesis  of  1 -Alkyl -4-benzoylpiperaz ine 

Hydr  och 1 or ide  s 

The  1 -alky lpiperaz ine  (0.2  mole)  was  dissolved  in  a  mixture  of 

dry  benzene  and  anhydrous  ether  (1*1,  150  ml,).  Benzoyl  chloride 

(2.81  gm, ,  0,02  mole)  in  dry  benzene  (30  ml.)  was  added,  dropwise, 

to  the  solution  kept  at  a  temperature  of  0-5°,  Stirring  was 

o 

continued  for  90  minutes  at  10  after  the  addition  was  complete. 

The  precipitate  was  then  collected,  washed  with  small  amount  of 
anhydrous  ether  and  recrystallized  from  2-propanol, 

The  following  compounds  were  prepared  by  this  procedure; 

(1)  1 -Methyl -4-benzoylpiperazine«HCl ‘H^O  (XLVI) 

(2)  l-Ethyl-4-benzoylpiperazine*HCl  (XLVII) 

(3)  l-n-Propyl-4-benzoylpiperazine*HCl  (XL) 

(4)  l-n-Butyl-4-benzoylpiperazine*HCl  (XLVIII) 

(5)  l-Isopentyl-4-benzoylpiperazine *HC1  (XLIX) 

The  physical  and  analytical  data  of  these  compounds  are  listed 


in  Table  XIV. 
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3.  General  Procedure  for  the  Synthesis  of  l-Alkyl-4-p-methoxybenzoyl- 
piperazine  Hydrochlorides 

The  procedure  is  the  same  as  that  for  the  synthesis  of  the 
l-alkyl-4-benzoylpiperazine  hydrochlorides,  except  that  benzoyl 
chloride  was  replaced  by  anisoyl  chloride.  All  products  were 
recrystallized  from  2™ propanol. 

The  following  compounds  were  prepared  by  this  method: 

(1)  1 -Methyl -4“£“methoxybenzoylpiperaz ine »HC1  (L) 

(2)  l-Ethyl-4-p-meth.Qxybenzoylpiperazine  *HC1  (LI) 

(3)  l-n-Propyl-4-p-methoxybenzoylpiperazine *HC1  (XLI) 

(4)  l-Isopropyl-4-p-methoxybenzoylpiperazine *HC1  (LII) 

(5)  l-n-Butyl-4“£-methoxybenzoylpiperazine *HC1  (LIII) 

(6)  l-Isopentyl-4-p-methoxybenzoylpiperazine *HC1  (LIV) 

The  physical  and  analytical  data  of  these  compounds  are  listed 
in  Table  XIV. 

4.  General  Procedure  for  the  Synthesis  of  l-Alkyl-4-£-chlorobenzoyl- 
piperazine  Hydrochlorides 

The  procedure  is  identical  to  that  employed  for  the  synthesis 
of  the  l-alkyl-4-benzoylpiperazine  hydrochlorides,  except  that  benzoyl 
chloride  was  replaced  by  £-chlorobenzoyl  chloride.  All  products  were 
recrystallized  from  2-  propanol. 

The  following  compounds  were  prepared  by  this  procedure; 

(1)  l-Methyl-4~£-chlorobenzoylpiperazine #HC1  (XXXVI) 

(2)  l-n-Propyl“4-£-chlorobenzoylpiperazine »HC1  (XXXVII) 

(3)  1 -Isobutyl -4-^-chlorobenzoylpiperazine  *HC1  (XXXVIII.) 

(4)  1  -n  -  Pen  t  y 1 -4 -£-  ch 1  or  ob  enz  ov  1  p  ip  er  az  ine  •  HC 1  (XXXIX) 

The  physical  and  analytical  data  of  these  compounds  are  listed 


in  Table  XIV. 
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5 .  Synthesis  of  4-Chloro-2,6-dimethylaniline  (LXXV) 

4-Chloro-2 ,6-dimethylaniline  was  obtained  in  35-40%,  yields  by 
the  procedure  reported  by  Dadswell  and  Kenner  (103),  m.p.  42-45°. 

Lit.  m.p.  44-45°  (103). 

6.  Synthesis  of  4-Chloro-2 , 6-dimethylbenzonitrile  (LXXVI) 

4-Chloro-2 ,6-dimethylaniline  (31.1  gm.,  0.20  mole)  was  dissolved 

in  a  mixture  of  concentrated  hydrochloric  acid  (50  gm. ,  1.37  moles) 

o 

and  water  (150  ml.).  The  solution  was  cooled  in  ice  to  0  and 
diazotized  with  a  solution  of  sodium  nitrite  (16  gm. ,  0.23  mole)  in 
water  (80  ml.).  At  the  end  of  the  addition,  the  nitrous  acid  test 
with  potassium  iodide-starch  paper  should  persist.  The  diazonium 
chloride  solution  was  then  neutralized  by  sodium  bicarbonate.  To 
this  neutral  solution  was  added  over  a  period  of  15  minutes  the 
cold  cuprous  cyanide  solution  prepared  by  mixing  a  solution  of 
potassium  cyanide  (50  gm.  in  200  ml.  of  water)  with  copper  sulphate 
solution  (50  gm.  in  200  ml.  of  water).  The  mixture  was  allowed  to 
stir  for  three  hours  and  after  this  time,  was  heated  to  60°  on  the 
water  bath  for  15  minutes.  The  nitrile  was  separated  by  steam 
distillation  as  white  crystal®  and  recrystallized  from  methanol. 

Yield  40%,  m.p.  65.0-66.5  . 

Anal.  Calcd.  for  CgHgNCl:  C,  65.20;  H,  4.87;  N,  8.46. 

Found:  C,  65.08;  H,  4.75;  N,  8.29. 

7.  Synthesis  of  4-Chloro-2,6-dimethylbenzoic  acid  (LXXVII) 

4-Chloro-2, 6-dimethylbenzonitrile  (26.5  gm. ,  0.16  mole)  was 
heated  with  a  mixture  of  concentrated  sulfuric  acid  (25  ml.)  and 
water  (10  ml.)  for  five  hours  at  170-180°.  After  cooling,  the 
reaction  mixture  was  diluted  with  ice  cold  water  and  the  crystalline 
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products  were  collected.  The  compound  was  recrystallized  from  water 
and  had  a  m.p.  of  170.5-173.0°.  The  yield  was  46%. 

Anal.  Calcd.  for  CgHgC^Cl:  C,  58.54;  H,  4.91. 

Found;  C,  58.50;  H,  5.00. 

8.  Synthesis  of  4-Chloro-2 ,6 -dimethylbenzoyl  Chloride  (LXXIII) 

A  mixture  of  4-chloro-2, 6-dimethylbenzoic  acid  (29.6  gm. ,  0.16 
mole)  and  thionyl  chloride  (50  gm. ,  0.42  mole)  was  heated  on  a  water 
bath  to  80°  for  one  hour.  The  excess  thionyl  chloride  was  removed 
by  distillation  under  reduced  pressure.  The  acid  chloride  had  a 
b.p.  of  115-118°/28  mm.  The  yield  was  40%.  Upon  cooling,  4-chloro- 
2 , 6-dime thylbenzoyl  chloride  solidified  to  give  a  crystalline  product 
which  after  two  recrystallizations  from  petroleum  ether  (30-60°) 
melted  at  50,0-51.5°. 

Anal.  Calcd.  for  CgHgOCl^  C,  53.23;  H,  3.97. 

Found;  C,  53.50;  H,  3.97. 

9.  Synthesis  of  1-n -Propyl -4 - (4- ch loro-2, 6 -dimethylbenzoyl) piperazine 
Hydrochloride  (XL IV) 

The  procedure  is  identical  to  that  employed  for  the  synthesis 
of  the  1-alkyl -4 -benzoyl piperazine  hydrochlorides,  except  that 
benzoyl  chloride  was  replaced  by  4-chloro-2, 6 -dimethylbenzoyl 
chloride.  The  compound  was  recrystallized  from  isopropanol,  m.p. 
223.0-226.0°  dec.  The  yield  was  76 70. 

Anal.  Calcd.  for  C16H24N20C12:  C,  58.01;  H,  7.30;  N,  8.46. 

Found;  C,  58.07;  H,  7.41;  N,  8.24. 
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10.  Synthesis  of  2-Diethylaminoethyl  2 ' 6 1 -dimethyl -4* -chlorobenzoate 

Hydrochloride  (XLV) 

To  a  mixture  of  10%  sodium  hydroxide  solution  (40  ml.)  and  2- 
diethylaminoethanol  (16.05  gm. ,  0.05  mole)  in  chloroform  (100  ml.)  was 
added,  dropwise,  a  chloroform  solution  of  4-chloro-2,6-dimethylbenzoyl 
chloride  (10.15  gm. ,  0.05  mole)  at  a  temperature  of  0-5°.  After  the 
addition  was  complete,  stirring  was  allowed  to  continue  for  four  to 
five  hours,  while  maintaining  the  temperature  below  10°. 

The  chloroform  layer  was  separated,  and  the  aqueous  layer  was  washed 
with  chloroform  (2  x  20  ml.).  The  combined  chloroform  solutions  were 
washed  with  water  (2  x  20  ml.),  dried  thoroughly  over  anhydrous  sodium 
sulfate  and  filtered.  Into  this  chloroform  solution  was  passed  dry 
hydrogen  chloride  gas.  The  hydrochloride  salt  that  precipitated  out 
upon  chilling  the  solution  overnight  was  collected  and  recrystallized 
from  507o  ethanol.  Melting  point,  249.5-250.5°  dec.,  53%  yield. 

Anal.  Calcd .  for  C15H23N02Cl2:  C,  56.25;  H,  7.24;  N,  4.37. 

Found:  C,  56.15;  H,  6.96;  N,  4.35. 

11 .  General  Procedure  for  the  Synthesis  of  1 -Alky  1-4 -jj-nitrobenzoyl- 

piperazine  Hydrochlorides 

The  procedure  is  the  same  as  that  for  the  synthesis  of  the 
l-alkyl-4-benzoylpiperazine  hydrochlorides,  except  that  benzoyl 
chloride  was  replaced  by  p-nitrobenzoyl  chloride.  All  products  were 
recrystallized  from  ethanol. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  1 -Ethyl -4-£-nitrobenzoylpiperazine  *HC1 

(2)  l-n-Propyl-4-£-nitrobenzoylpiperazine  *HG1 

The  physical  and  analytical  data  of  these  compounds  are  listed 


in  Table  XIV. 
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12 .  General  Procedure  for  the  Synthesis  of  1  -Alkyl -4-g_-aminobenzoyl - 
piperazines  and  Their  Hydrochlorides 

A  suspension  of  powdered  iron  (16.76  gm.,  0.30  mole)  in  water 

(ca.  80  ml.)  and  concentrated  hydrochloric  acid  (2  ml.)  was  heated 

to  85°  and  a  warm  aqueous  solution  of  the  1 -alkyl -4-p-nitrobenzoyl - 

piperazine  hydrochloride  (0.05  mole)  was  added  to  25  ml.  portions 

with  stirring.  The  mixture  was  then  stirred  and  heated  for  two  and 

o 

half  an  hours  at  75-80  and  filtered  while  hot.  The  black  cake  was 
washed  with  hot  water.  The  filtrate  was  chilled,  filtered  and  made 
alkaline  with  10%  sodium  carbonate  solution  (ca.  40  ml.).  The 
solution  was  then  extracted  with  chloroform  (lx  100  ml.;  3  x  70  ml.). 
The  combined  chloroform  extracts  were  washed  with  water  (2  x  50  ml.) 
and  dried  over  anhydrous  sodium  sulfate  overnight.  After  the  removal 
of  the  solvent,  the  residue  was  dissolved  in  small  amount  of  acetone 
(ca.  15  ml.)  and  n-hexane  was  added  until  the  solution  became  cloudy. 
The  1 -alkyl -4-£-aminobenzoylpiperaz ines  were  collected  and  recry¬ 
stallized  from  acetone  and  n-hexane,  or  from  ethanol. 

The  hydrochlorides  were  prepared  by  passing  dry  hydrogen 
chloride  gas  into  a  solution  of  the  base  in  anhydrous  methanol  and 
recrystallized  from  methanol  and  ether. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  1-Ethyl -4-£-aminobenzoylpiperazine  and  its  HC1  salt  (LV) 

(2)  1 -n -Propyl -4-£-aminobenzoylpiperazine  monohydrate  and 
its  HC1  salt  (XLII) 

The  physical  and  analytical  data  of  these  compounds  are  listed 


in  Table  XIV. 
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13.  General  Procedure  for  the  Synthesis  of  N-Alkylethylenediamines 

Anhydrous  ethylenediamine  (48.1  gm.,  0.80  mole)  was  dissolved 
in  methanol  (100  ml.).  To  this  solution  was  added  the  alkyl  bromide 
(0.20  mole)  and  the  reaction  mixture  was  refluxed  for  twelve  to 
thirteen  hours.  The  methanol  was  then  removed  by  distillation  and 
after  the  addition  of  ice  cold  water  (ca.  300  ml.),  the  product  was 
extracted  with  chloroform  (lx  100  ml.;  3  x  70  ml.).  The  combined 
chloroform  extracts  were  dried  over  anhydrous  sodium  sulfate  and  then 
filtered.  After  the  removal  of  the  solvent  by  distillation  in  vacuo, 
the  product  was  distilled  using  reduced  pressure.  The  N-alkylethylene- 
diamines  were  purified  by  distillation. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  N-Ethylethylenediamine 

(2)  N-n-Propylethylenediamine 

(3)  N-Isopropylethylenediamine 

(4)  N-n-Butylethylenediamine 

(5)  N-Isobutylethylenediamine 

(6)  N-n-Pentylethylenediamine 

The  yields  and  boiling  points  of  these  compounds  are  summarized 
in  Table  XIII  together  with  the  reported  literature  boiling  point 
values . 

14 .  General  Procedure  for  the  Synthesis  of  N,N' -Dibenzoyl-N-alkyl- 

ethylenediamines 

To  a  mixture  of  107,  sodium  hydroxide  solution  (40  ml.)  and 
N-alkylethylenediamine  (0.05  mole)  in  chloroform  (100  ml.)  was  added, 
dropwise,  a  chloroform  solution  of  benzoyl  chloride  (1.41  gm. ,  0.10 
mole).  The  resulting  mixture  was  kept  at  a  temperature  of  0-5°. 
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After  the  addition  was  complete,  stirring  was  allowed  to  continue  for 
four  to  five  hours,  while  maintaining  the  temperature  below  10°.  The 
chloroform  layer  was  separated,  and  the  aqueous  layer  was  washed  with 
chloroform  (2  x  20  ml.)*  The  combined  chloroform  solutions  were 
washed  with  water  (2  x  20  ml.),  dried  over  anhydrous  sodium  sulfate 
and  the  solvent  removed  under  vacuum.  Ether  or  n-hexane  was  stirred 
into  the  residue  until  a  white  solid  was  obtained.  The  product  was 
removed  by  filtration,  washed  with  ether  or  n-hexane  and  recrystallized 
from  acetone  and  n-hexane. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  N,Nr -Dibenzoyl-N-isobutylethylenediamine  (LXII) 

(2)  N,N' -Dibenzoyl -N-n-pentylethylenediamine  (LXIII) 

The  physical  and  analytical  data  of  the  N,N' -dibenzoyl -N-alkyl- 
ethylenediamines  are  listed  in  Table  XV. 

15 .  General  Procedure  for  the  Synthesis  of  N,N* -Di(p-methoxybenzoyl) - 

N-alkylethylenediamines 

The  procedure  is  identical  to  that  for  the  synthesis  of  the  N,N'- 
dibenzoyl-N-alkylethylenediamines ,  except  that  benzoyl  chloride  was 
replaced  by  anisoyl  chloride.  Products  were  recrystallized  from 
n-hexane  and  acetone. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  N,N* -Di(£-methoxybenzoyl) -N-n-propylethylenediamine  (LX) 

(2)  N,N* -Di(£-methoxybenzoyl) -N-n-butylethylenediamine  (LXI) 

The  physical  and  analytical  data  of  the  N,N*  -di(]3-methoxybenzoyl)  - 
N-alkylethylenediamines  are  listed  in  Table  XV. 
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16.  General  Procedure  for  the  Synthesis  of  N,N'  -Di(jD-chlorobenzoyl)  - 
N-alkylethylenediamines 

The  procedure  is  the  same  as  that  for  the  synthesis  of  the  N,N‘- 
dibenzoyl -N-alkylethylenediamines ,  except  that  benzoyl  chloride  was 
replaced  by  £-chlorobenzoyl  chloride.  Products  were  crystallized  from 
n -hexane  and  acetone. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  N,N* -Di(g_-chlorobenzoyl) -N-isopropylethylenediamine  (LVIII) 

(2)  N,N' -Di(£-chlorobenzoyl) -N-n-butylethylenediamine  (LIX) 

The  physical  and  analytical  data  of  the  N,N* -di(jD-chlorobenzoyl)  - 
N-alkylethylenediamines  are  listed  in  Table  XV. 

17.  General  Procedure  for  the  Synthesis  of  N,N' -Di(£-nitrobenzoyl) - 
N-alkylethylenediamines 

The  procedure  is  identical  to  that  employed  for  the  synthesis  of 
the  N,N' -dibenzoyl-N-alkylethylenediamines ,  except  that  benzoyl  chloride 
was  replaced  by  £-nitrobenzoyl  chloride.  These  compounds  were  most 
readily  recrystallized  from  ethanol. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  N,N’Di(]D-nitrobenzoyl)  -N-n-propylethylenediamine 

(2)  N,N*  -Di(£_-nitrobenzoyl) -N-isobutylethylenediamine 

The  physical  and  analytical  data  of  the  N ,N' -di(p-nitrobenzoyl) - 
N-alkylethylenediamines  are  listed  in  Table  XV. 

18.  General  Procedure  for  the  Synthesis  of  N,N* -Di(£-aminobenzoyl) - 
N-Alkylethylenediamines 

To  a  stirred,  boiling  mixture  of  powdered  iron  (50.27  gm. ,  0.90 
mole),  ethanol  (150  ml.),  water  (100  ml.)  and  concentrated  hydro¬ 
chloric  acid  (2  ml.)  were  added  in  small  portions  N,N*  -di(]3-nitro- 
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benzoyl) -N-alkylethylenediamine  (0.05  mole)  in  ethanol.  After 
completion  of  the  exothermic  addition,  the  mixture  was  stirred  and 
gently  heated  for  two  and  half  an  hours.  About  fifteen  grams  of 
powdered  sodium  bicarbonate  were  added  cautiously  and  the  reaction 
mixture  was  stirred  at  the  boiling  point  for  a  further  ten  minutes. 

The  hot  mixture  was  filtered  and  the  insoluble  material  was  thoroughly 
washed  with  hot  ethanol  (100  ml.).  The  ethanol  was  removed  from  the 
combined  filtrates  in  vacuo  and  the  residual  paste  was  cooled.  The 
product  was  filtered,  washed  with  water  and  recrystallized  from 
benzene  and  acetone. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  N ,N* -Di(jD-aminobenzoyl) -N-n-propylethylenediamine  (LVI) 

(2)  N,N*  -Di(p_-aminobenzoyl)  -N-isobutylethylenediamine  (LVII) 

The  physical  and  analytical  data  of  these  compounds  are  listed 

in  Table  XV. 

19.  Synthesis  of  N-^-Methoxybenzoylethylenimine  (LXXX) 

N-p-Methoxybenzoylethylenimine  was  obtained  in  good  yields 
(80-95%)  by  the  procedure  reported  by  Heine,  Fetter  and  Nicholson 
(104),  m.p.  75.0-75.8°.  Lit.  m.p.  77.0-78.0°  (104). 

20.  Synthesis  of  N-£-Chlorobenzoylethylenimine  (LXXXVII) 

N-p-Chlorobenzoylethylenimine  was  obtained  in  good  yields  (70-80%) 
by  the  procedure  reported  by  Heine,  Fetter  and  Nicholson  (104), 
m.p.  38.5-40.5°.  Lit.  m.p.  42-44°  (104). 

21.  Synthesis  of  N-p-Nitrobenzoylethylenimine 

N-£-Nitrobenzoylethylenimine  was  obtained  in  good  yields  (80-85%) 
by  the  procedure  reported  by  Heine,  Fetter  and  Nicholson  (104), 
m.p.  122.0°.  Lit.  m.p.  123.5-125.5°  (104). 
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22.  General  Procedure  for  the  Synthesis  of  N,N-[Bis-2(£-substituted 
benzamido)ethyl] alkylamines 

A  solution  of  N-£-substituted  benzoylethylenimine  (0.04  mole)  in 
acetone  was  refluxed  with  the  alkylated  amine  (0.02  mole)  for  twelve 
hours.  After  removing  the  acetone  under  reduced  pressure,  ether  or 
n-hexane  was  added  with  stirring  before  removing  the  product  by 
filtration.  The  solid  was  recrystallized  from  petroleum  ether  (30-60°) 
and  acetone. 

The  following  compounds  were  prepared  by  this  procedure: 

(1)  N,N-[Bis-2(£-chlorobenzamido)ethyl]  isopropylamine  (LXIV) 

(2)  N,N-[Bis-2(£-chlorobenzamido)ethyl] isobutylamine  (LXV) 

(3)  N,N-[Bis-2(£-methoxybenzamido)ethyl] -n -propylamine  (LXVI) 

(4)  N,N-[Bis-2(£-methoxybenzamido)ethyl] isobutylamine  (LXVII) 

(5)  N,N-[Bis-2(£-nitrobenzamido)ethyl] ethylamine  (LXVIII) 

(6)  N,N-[Bis-2(£-nitrobenzamido)ethyl] isobutylamine  (LXIV) 

The  physical  and  analytical  data  of  these  compounds  are  recorded 

in  Table  XVI. 

C, 

^3.  Attempted  Synthesis  of  N,N~[Bis-2(£-aminobenzamido)ethyl] ethylamine 
N,N-[Bis-2(£-nitrobenzamido)ethyl] ethylamine  (4.29  gm. ,  0.01  mole) 
in  ethanol  (150  ml.)  was  hydrogenated,  using  platinum  oxide  (200  mg.) 
as  catalyst  was  removed  by  filtration  and  the  solvent  evaporated  under 
reduced  pressure.  All  attempts  to  isolate  the  product  from  the  gummy 
residue  failed. 

24.  Attempted  Synthesis  of  N,N-[Bis-2(£-aminobenzamido)ethyl] isobutyl- 
amine 

The  procedure  used  was  the  same  as  those  for  the  attempted 
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synthesis  of  N,N“[bis~2(p-aminobenzamido)ethyl] ethylamine .  Failure 
to  isolate  the  product  from  the  gummy  residue  was  also  encountered. 

25.  Synthesis  of  £-Chloro-N-(2“diethylaminoethyl)benzamide  and  its 
Hydrochloride  Salt  (XXXIV) 

Method  A; 

The  procedure  employed  in  the  synthesis  of  N,NJ -dibenzoyl -N- 
alkylethylenediamines  was  followed.  p-Diethylaminoethylamine  (4.20  gm. 
0.036  mole)  was  allowed  to  react  with  p-chlorobenzoyl  chloride  (6.34  gm 
0.036  mole)  in  the  presence  of  10%  sodium  hydroxide  solution.  The 
product  was  recrystallized  from  petroleum  ether  (30-60°),  48%  yield, 
m.p.  65.0-66.0°. 

Anal.  Calcd .  for  C^Hj^^OCl;  C,  61.29;  H,  7.52;  N,  11.00. 

Found;  C,  61.35;  H,  7.64;  N,  10.82. 

The  hydrochloride  salt  was  prepared  by  passing  dry  hydrogen 
chloride  gas  into  an  ethanol  solution  of  the  base.  The  salt  was 
recrystallized  from  petroleum  ether  (30-60°),  81%  yield,  m.p.  106.0- 
108.5°. 

Anal.  Calcd.  for  C13H19N2OCIS  C,  53.61;  H,  6.92;  N,  9.62. 

Founds  C,  53.62;  H,  7.00;  N,  9.38. 

Method  B; 

The  procedure  for  the  synthesis  of  N,N-di(jp-substituted  benzamido- 
ethyl)alkylamines  was  employed.  A  solution  of  N-p-chlorobenzoylethylen 
imine  (7.27  gm. ,  0.04  mole)  and  diethylamine  (2.93  gm. ,  0.04  mole)  in 
acetone  was  refluxed  for  twelve  hours.  The  acetone  was  removed  under 
reduced  pressure,  and  the  residue  was  chilled  overnight.  The  solid  was 
collected,  washed  with  petroleum  ether  (30-60°)  and  recrystallized 
from  benzene,  75%  yield,  m.p.  63.0-64.5°.  The  melting  point  was  not 
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depressed  -when  mixed  with  the  base  obtained  by  Method  A.  The  infrared 
spectra  of  these  two  compounds  were  identical. 

26.  Determination  of  pKa 

The  hydrochloride  salt  of  the  base  (ca.100  mg.)  was  dissolved 
in  freshly  boiled  demineralized  water  (50  ml.).  The  calculated 
amount  of  0.1N  NaOH  that  is  required  to  neutralize  the  salt  was  then 
added,  followed  by  the  addition  of  exactly  half  that  amount  of  0.1N  HC1. 
The  pH  of  the  solution  was  then  measured  on  a  Zeromatic  II.  The  value 
of  the  pH  was  taken  as  the  pKa  of  the  base. 
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1.  General  Methods  for  Isolated  Atrium  Experiments  (58) 

Guinea  pigs  ranging  in  weight  from  0.5  to  1.5  kg.  and  unselected 
as  to  sex,  were  used  in  all  experiments.  The  animal  was  sacrificed 

by  a  blow  on  the  head  and  the  heart  was  quickly  removed  and  placed  in 

•>v 

the  Locke  solution  .  After  washings,  the  heart  was  then  placed  in  a 

Petri  dish  containing  fresh  and  oxygenated  Locke  solution.  The  atria 

were  dissected  from  the  heart  and  were  then  mounted  in  a  15  ml. 

o 

tissue  bath  containing  Locke  solution  maintained  at  29  and  well- 
oxygenated.  The  contractions  were  recorded  on  a  Physiograph  (E  &  M 
Instrument  Go.,  Inc.,  Houston,  Texas,  U.S.A.). 

2.  Mounting  Technique  and  Apparatus  (58) 

A  method  of  mounting  the  atria  in  the  tissue  bath  was  employed 
which  permitted  electrical  stimulation.  A  schematic  arrangement  of 
the  apparatus  used  is  shown  in  Figure  5.  A  thread  was  tied  to  each 
end  of  the  set  of  the  atria.  The  tip  of  the  right  atrium  was  drawn 
through  the  orifice  at  the  top  of  the  glass  cap  (C  in  Figure  5)  until 
a  tight  fit  was  obtained.  The  thread  was  then  passed  through  the 
platinum  ring  electrode  (E  in  Figure  5)  and  the  cap  mounted  on  the 
rubber  collar  (R  in  Figure  5).  Further  fitting  could  be  accomplished 
by  drawing  the  thread  (H  in  Figure  5)  between  the  glass  cap  and  the 
rubber  collar.  The  holder  was  then  mounted  in  the  tissue  bath 
containing  the  Locke  solution.  The  temperature  of  the  Locke  solution 

*  The  composition  of  the  Locke  solution  was  as  follows:  NaCl  9.0  gm. , 
KC1  0.4  gm. ,  CaCl2  0.24  gm. ,  NaHC03  0.5  gm. ,  dextrose  2  gm.  All  these 
chemicals  were  dissolved  in  1  liter  of  water  which  had  been  run 
through  a  Barnstead  Bantam  Demineralizer. 
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Figure  5.  Schematic  arrangement  of  apparatus  for  electrically 
stimulating  isolated  guinea  pig  atria.  C:  Glass  cap. 

E:  Platinum  ring  electrode.  H:  Thread  from  tip  of  atrium. 

J;  Glass  jacket  of  the  tissue  bath.  P:  Guinea  pig  atria. 

R:  Rubber  collar.  T:  Transducer.  and  W2:  Lead  wire  for 

electrode . 
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was  kept  at  29°  by  circulating  water  from  a  constant “temperature  bath 
through  glass  jacket  (J  in  Figure  5).  Oxygen  was  introduced 
continuously  into  the  Locke  solution  through  a  fine  capillary  tube 
to  keep  the  medium  well -oxygenated . 

3.  Procedure  for  Determination  of  Maximum  Stimulation  Rate  (MSR)  (58) 

The  electrical  stimulation  used  in  determining  the  maximum 
stimulation  rate  was  produced  by  a  Grass  model  S4C  Stimulator  which 
delivered  rectangular  pulses  of  3  msec,  duration.  The  circuit  was 
completed  by  a  second  electrode  (W£  in  Figure  5)  making  contact  with 
the  bath  solution.  The  voltage  varied  from  preparation  to  preparation 
and  was  determined  by  adjusting  the  frequency  to  a  level  slightly 
higher  than  the  spontaneous  rate  of  contraction  and  raising  the 
voltage  until  the  atria  followed  the  set  frequency.  This  voltage 
was  then  increased  ten  times  and  the  resulting  supramaximal  voltage 
used  throughout  the  experiment. 

After  the  atria  were  properly  mounted,  they  were  left  in  the  bath 
for  an  equilibration  period  of  about  30  minutes.  Then,  the  atria  were 
driven  at  progressively  increasing  rates  until  they  failed  to  follow 
the  stimulus.  This  was  manifested  as  a  dropped  beat  followed  by  a 
contraction  of  greater  than  normal  amplitude  or  the  development  of  a 
2 s 1  stimulus-contraction  ratio  (Figure  1).  The  duration  of  stimulation 
was  10  seconds,  repeated  every  minute  with  frequency  increments  of  12 
shocks  per  minute  until  a  maximum  rate  of  stimulation  was  determined. 

At  least  four  control  determinations  were  carried  out,  depending  upon 
their  reproducibility.  The  control  value  was  taken  as  the  average  of 
these  determinations.  The  test  compound  was  then  added  to  the  bath 
and  the  maximum  stimulation  rate  was  determined  at  5,  10  and  15-minute 
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intervals.  Determinations  were  repeated  three  times  after  the  test 
compound  was  washed  off  and  the  maximum  stimulation  rate  had  returned 
to  approximately  control  levels.  All  compounds  tested  were  dissolved 
in  demineralized  water  or  in  95%  ethanol  so  that  1  ml.  of  the 
resulting  solution  added  to  the  bath  gave  the  desired  concentration. 

4.  Procedure  for  Inducing  Arrhythmias  by  Petroleum  Ether  and 

Adrenaline  (58) 

In  these  experiments,  cats  weighing  between  1.5  and  2.5  kg.  and 
unselected  as  to  sex  were  anesthetized  with  6%  Nembutal  at  a  dose  of 
30  mg.  per  kg.  body  weight.  This  was  administered  intraperitoneally . 

The  animals  were  prepared  for  continuous  recording  of  carotid  arterial 
pressure  by  means  of  a  pressure  transducer  and  along  with  standard 
lead  II  EGG  were  recorded  on  a  Grass  model  5A  Polygraph  at  appropriate 
intervals.  Constant  monitoring  was  available  on  a  Tektronix  Type  503 
oscilloscope.  Drug  injections  were  made  through  indwelling 
polyethylene  catheters  in  one  of  the  femoral  veins. 

Petroleum  ether sadrenaline-induced  arrhythmias  were  carried  out 
as  follows.  After  a  stabilization  period  of  about  30  minutes  following 
the  procedures  outlined  above,  control  EGG  recordings  and  blood 
pressure  tracings  were  taken.  The  flow  of  air  from  the  respiration 
pump  to  the  animal  through  a  tracheal  cannula  was  diverted  so  that 
it  passed  through  the  petroleum  ether  evaporator.  Following  45  seconds 
of  petroleum  ether  inhalation  at  the  rate  of  about  2  ml.  per  minute, 
adrenaline  was  rapidly  injected  intravenously.  This  was  followed  by  a 
2  ml.  saline  flush.  The  volume  of  the  adrenaline  injection  did  not 
exceed  0.3  ml.  EGG  and  blood  pressure  recordings  were  taken  continuously 
from  shortly  before  the  adrenaline  injection  to  such  time  as  the  heart 
returned  to  sinus  rhythm. 
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5.  Experiments  to  Determine  the  Effect  of  Procaine  Amide  HC1,  p-Chloro- 
N-(2-diethylaminoethyl)benzamide*HCl  and  l-n-Butyl-4-Benzoylpiperazine* 
HC1  on  Petroleum  Ether ; Adrenaline -Induced  Arrhythmias  (58) 

The  procedure  in  these  experiments  was  the  same  in  every  respect 
as  that  described  above  for  petroleum  ether : adrenaline-induced 
arrhythmias.  After  a  control  challenge  with  adrenaline  after  petroleum 
ether  inhalation,  the  animal  was  then  treated  with  either  one  of  the 
three  test  compounds,  at  doses  varying  between  2  and  12  mg.  per  kg.  body 
weight.  The  petroleum  ether ‘adrenaline  challenge  was  repeated  within 
15  minutes  of  the  injection  of  the  test  compound.  ECG  and  blood  pressure 
recordings  were  taken  before  petroleum  ether  inhalation  had  begun  and 
continuously  from  just  before  adrenaline  injection  to  the  end  of  the 
arrhythmias . 

6 .  Procedure  for  Screening  of  Compounds  for  Antif ibrillatory  or 

Antiarrhythmic  Activity  (As  supplied  by  Frank  W.  Horner  Limited, 
Montreal . ) 

Cats  weighing  2.0  to  3.8  kg.  were  given  pentobarbital  sodium 
intraperitoneally  at  the  dose  of  30  mg.  per  kg.  body  weight.  An 
intercostal  incision  was  made  between  the  second  and  third  rib,  and 
retracted  to  expose  the  right  side  of  the  heart.  The  pericardium  was 
slit  across  the  right  atrium  and  the  animal  was  maintained  on 
artificial  respiration. 

Aconitine  nitrate  (0.25%)  was  applied  by  means  of  a  cotton  pellet 
soaked  with  this  solution  and  squeezed  between  the  fingers  before 
placing  it  on  the  right  atrium  (underneath  the  pericardium),  near 
the  entrance  of  the  pulmonary  vein.  Arrhythmia  was  established  within 
minutes  of  the  application  and  maintained  for  from  45  minutes  co  90 
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Soluble  drugs  (i.e. ,  the  piperazine  compounds)  to  be  tested  were 
dissolved  in  saline  and  were  generally  given  intravenously  in  doses 
of  20  mg.  per  kg.  after  the  arrhythmia  had  developed.  Insoluble 
drugs  (i.e.,  the  ethylenediamine  compounds)  were  given  intraperitoneally 
as  suspensions  in  1%  Tween  80,  two  hours  before  aconitine  was  applied. 
Aqueous  solutions  of  quinidine  sulfate  were  used  for  control. 
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